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ABSTRACT
A c o l le c t io n  of 400 V ibrio-l ik e  organisms, iso la te d  from c l in i c a l  
and en v iro n m e n ta l  so u rces  in  d if fe r e n t  g e o g ra p h ic a l  l o c a t i o n s ,  was 
assembled a t  the Cholera Research Laboratory, Dacca, Bangladesh. From 
t h i s  c o l l e c t i o n  222 i s o l a t e s  were s e le c t e d  f o r  f u r t h e r  s tudy . The 
method of se le c t io n  favoured the inc lusion  of fresh ly  i so la te d  human 
associa ted  non cholera v ib r io s  (NCVs) although a rep re se n ta t iv e  number 
o f  V. c h o le ra e  and o th e r  s t r a i n s  were a l s o  in c lu d e d .  The f o l lo w in g  
models were used to  d e te rm in e  th e  spectrum  of b i o l o g i c a l  a c t i v i t y  
among i s o l a t e s  : i n f a n t  r a b b i t ;  a d u l t  r a b b i t  l i g a t e d  i l e a l  loop ; 
ra b b i t  skin perm eability  assay; the  ad u lt  and suckling mouse and the  
CHO and a d re n a l  t i s s u e  c u l t u r e  a ssay .  The observed  p a t t e r n  of 
b i o l o g i c a l  a c t i v i t y  was s e p a ra te d  i n t o  4 categories . I s o la te s  were 
c h a r a c t e r i s e d  as  p roducing : a c h o l e r a - l i k e  to x in ;  a low m o le c u la r  
w e i g h t ,  h e a t  s t a b l e  t o x i n  ; e n t e r i t i s  w i t h o u t  d e m o n s t r a b l e  
e x t ra c e l lu la r  en tero tox in  and no a c t i v i t y  in  th e s e  m odels. C u l tu re  
f i l t r a t e s  from the ch o le ra - l ik e  toxin  producing s t r a in s  e l i c i t e d  f lu id  
a ccu m u la t io n  in  l i g a t e d  r a b b i t  i l e a l  lo o p s ,  a b lu e in g  response in  
r a b b i t ’s backs, m orph o lo g ica l  changes in  a d re n a l  and CHO c e l l  
c u l tu re s ;  t h i s  tox in  was completely n eu tra lised  by antiserum  ag a in s t  
p u r if ie d  choleragen. The heat s ta b le  toxin was s im i la r  in  behaviour 
and nature to  E. c o l i  ST e n te r o to x in .  E n t e r i t i s  p roducing  s t r a i n s  
were charac te r ised  by producing a p o s it iv e  in fa n t  rabbit response and 
f lu id  accumulation in  the i l e a l  loop when whole cu ltu re s  were used but 
s t e r i l e  cu l tu re  f i l t r a t e s  lacked b io lo g ica l  a c t iv i ty .  Out of 140 NCVs 
examined 23 (16.4%) produced a C T -like  to x in ;  2 (1.4%) produced a ST 
to x in ;  90 (64.3%) produced an e n t e r i t i s  rea c tio n  and 25 (17.9%) were 
i n a c t i v e .  Human a s s o c ia te d  MCVs p o ssessed  a g r e a t e r  p a th o g e n ic  
p o t e n t i a l  than  t h e i r  en v iro n m e n ta l  c o u n te r p a r t s .  No e n te r o to x ic  
f a c to rs  were detected in s t r a in s  of parahaemolvticus: V. f l u v i a l i s
or hvdrophila although e n t e r i t i s  type reac tio n s  were noted.
Of the 222 i s o la te s  screened fo r  b io lo g ica l  a c t i v i t y  195 i s o la t e s  
were compared over 121 c h a r a c t e r i s a t i o n  t e s t s  and th e  r e s u l t s  were 
subjected to  a numerical taxonomic ana lys is .  From the dendrograms 5 
phenons which corresponded to  d esc rip t io n s  of cholerae 01 and non 
01; IL  m e t s c h n i k o v i i : A. h v d r o p h i l a ; V. f l u v i a l i s  and
parahaemolvticus and 4 miscellaneous phenons were d istingu ished . The 
mean %GC co m p o s it io n  o f  r e p r e se n ta tiv e  s t r a i n s  o f  c h o le r a e . A. 
hvdrophila. V. parahaemolvticus V. f l u v i a l i s  and metschnikovii was 
46.9; 59.6; 45.6; 50.4 and 43.3 r e s p e c t i v e l y .  The V. c h o le ra e  phenon 
contained s t r a in s  of the 01 and non 01 serovars and was separated in to  
3 biotypes: the 01 serovars; non 01 serovars of Heiberg group 1 and 11 
and non 01 s e r o v a r s  o f  H e ib e rg  group V. Each b i o t y p e  was 
d is tinguished  by 2 ch a ra c te r is a t io n  t e s t s  and contained s t r a in s  which 
elaborated a c h o le ra - l ik e  toxin. All s t r a in s  w ith in  the  JL hvdrophila 
phenon were a n a e ro g e n ic ;  m inor v a r i a t i o n  was no ted  in  su crose  
f e rm e n ta t io n  and a m p i c i l l i n  s e n s i t i v i t y .  Minor v a r i a t i o n  among V. 
parahaemolvticus s t r a in s  was noted fo r  arabinose ferm entation  and the 
e n t e r i t i s  re sp o n se  in  r a b b i t s  was n o t c o r r e l a t e d  w ith  a p o s i t i v e  
Kanagawa t e s t  r e a c t i o n .  Two e n v i r o n m e n ta l  i s o l a t e s  d id  n o t  
correspond to  d e s c r i p t i o n s  o f  any c u r r e n t  s p e c ie s , they  were most 
s im ila r  to  the metschnikovii phenon but d if fe red  by: r e s is ta n c e  to  
lOug o f  0129; o r n i t h i n e  decarboxylase and a r g in in e  d ih y d ro la s e  
a c t i v i t y ,  p o s i t i v e  o x id a se  and a m y la s e  a c t i v i t y  and i n o s i t o l  
ferm entation ; they possessed a %GC of 43.4. Another i s o la te ,  s e n s i t iv e  
to  0129; oxidase p o s it iv e ,  f a i le d  to  reduce n i t r a t e s  and possessed a 
%GC c o n te n t  of 44 was a l s o  no t i d e n t i f i a b l e  to  a c u r r e n t  V ib r io  
species. A computer derived d iagnostic  scheme for the recogn ition  of 
these phenons was prepared.
The frequency  of m u l t ip le  a n t i b i o t i c  r e s i s t a n c e  in  non 01 V. 
cholerae s t r a in s  was low: most s t r a in s  were se n s i t iv e  to  7 of 9 t e s t  
a n t ib io t ic s .  Higher re s is ta n ce  frequencies were noted fo r  stra in s of 
V. p a ra h a e m o lv t ic u s . V. f l u v i a l i s  and A^  h v d ro p h i la . A ttem p ts  to  
t r a n s f e r  a n t i b i o t i c  r e s i s t a n c e  from th e  r e s i s t a n t  s t r a i n s  were 
u n s u c c e s s fu l .  P lasm ids  were found in  13 s t r a i n s  a l th o u g h  t h e i r  
function remained cryptic. The v ib r io s t a t i c  agent 0129 was found to  
be of i n t r a  and i n t e r g e n e r i c  v a lu e .  However 0129 s e n s i t i v i t y  was 
a d v e r s e ly  a f f e c t e d  by high sodium c h lo r id e  l e v e l s .
The f a t e  o f  4 V  ^ c h o le ra e  s tr a in s  in  R inger’s s o lu t i o n  and 
under g lu co se  l i m i t a t i o n  in  th e  c h em o s ta t  was d e te rm in e d .  Two 
environmental non pathogenic V. c h o le ra e  i s o l a t e s  su rv iv e d  lo n g e r  in  
th e  s im p le  s a l t s  s o lu t io n  and were more c o m p e t i t iv e  under g lu c o se  
l i m i t a t i o n  in  th e  ch em o sta t  th an  2 human a s s o c i a t e d  to x ig e n ic
cho le rae .
C h o le r a - l ik e  to x in  p ro d u c t io n  in  non 01 c h o le ra e  (and th u s  
pathogenicity) was independent o f  s e ro ty p e  and Heiberg f e rm e n ta t io n  
p a t t e r n  and was n o t  s i g n i f i c a n t l y  c o r r e l a t e d  w i th  any o th e r  
b a c te r io lo g ic a l  character  or th e  p resen ce  of ex trachrom osom al DMA. 
I t  i s  concluded th a t  en tero tox in  production has to  be te s te d  d i r e c t ly  
: there  i s  no b a c te r io lo g ic a l  proxy.
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INTRODUCTION
1. C la s s if ic a t io n  of the Vibrionaceae
1.1 In troductory  remarks on the taxonomy of the Vibrionaceae
The taxonomy of  th e  genus V ib r io  has been e x te n s iv e ly  r e v i s e d  in  
recen t years. H is to r ic a l ly  the genus was id e n t i f ie d  on the b as is  of 
c e l l  morphology and f la g e l la  arrangement. Thus, po la r ly  f la g e l la te d ,  
asporogenous, curved and rod shaped. Gram n e g a t iv e  b a c t e r i a  were 
usually  assigned to  the genus Vibrio. More recen tly ,  the genus Vibrio 
has been r e s t r i c t e d  to  o x id ase  p o s i t i v e ,  f e r m e n ta t iv e ,  p t e r i d i n e  
se n s i t iv e  organisms (Shewan, 1963). The c u r r e n t  d e f i n i t i o n  c l e a r l y  
s e p a r a t e s  V ib r io  from genera  o f  th e  Pseudomonadaceae and th e  
E n te r o b a c te r i a c e a e . However the  d i f f e r e n t i a t i o n  o f  V ib r io  s p e c ie s  
from the other genera belonging to  the Vibrionaceae i s  l e s s  c lea r .  To 
compound the problem some in v e s t ig a to rs  have recen tly  proposed th a t  
marine Vibrio species be placed in  a new genus: both Marinovibrio and 
Beneckea have been proposed as  s u i t a b l e  a l t e r n a t i v e  g en era .  W ith in  
the genus Vibrio the human pathogens have a t t r a c te d  most a t te n t io n  and 
many id e n t i f ic a t io n  schemes r e s t r i c t  th em se lv es  e x c lu s iv e ly  to  the  
pathogens. However even the c ircum scrip tion  and taxonomic s ta tu s  of 
the pathogens, cholerae and parahaemolvticus have been su b jec t  
to  r e c e n t  m ajor r e v i s io n s .  For i n s t a n c e ,  c h o le r a e  i s  n o t  
r e s t r i c t e d  to  o rgan ism s which cause c h o le r a ,  b u t  in c lu d e s  o th e r  
phenetica lly  s im ila r  but non-pathogenic water v ib r io s .  W hilst many of 
these changes are  lo g ic a l  to  the  ta x o n o m is t  they  cause  c o n s id e r a b le  
confusion to  many c l in ic ia n s  and public hea lth  ad m in is tra to rs .  Thus 
i t  i s  v a l u a b l e  t o  r e v ie w  th e  taxonom y o f  g e n e r a  w i t h i n  th e  
V ib r io n a c e a e . P a r t i c u l a r  a t t e n t i o n  w i l l  be g iven  to  th e  human 
pathogens, the h i s to r i c a l  development of th e i r  taxonomy, the cu rren t 
concep t of th e  g enera ,  th e  proposed r e v i s i o n s  -  t h e i r  r a t i o n a l e  and 
th e i r  e f fe c t  on the rou tine  c l in i c a l  laboratory .
1.2 The fam ily Vibrionaceae
Vibrionaceae are  Gram negative, po la r ly  f la g e l la te d ,  m otile ,  curved 
and rod shaped b a c t e r i a  which may produce l a t e r a l  f l a g e l l a  under 
c e r t a i n  growth c o n d i t io n s .  They a r e  chem o-organotrophs, u t i l i s i n g  
g lu co se  b o th  f e rm e n ta t i v e ly  and by r e s p i r a t i o n .  The m a jo r i ty  a re  
o x id ase  p o s i t i v e .  They a re  f a c u l t a t i v e  anaerobes  w i th o u t  e x a c t in g  
n u t r i t io n a l  requirements. They occur in  n a tu re  in  a s s o c i a t i o n  w ith  
e i t h e r  f r e s h  or s a l t  w a te r  and a r e  o c c a s s io n a l ly  found in  f i s h  and 
man. In the 8th Edition of Bergey's Manual (Buchanan & Gibbon, 1974) 
the fam ily Vibrionaceae was separated in to  f iv e  genera : V ibrio  (the 
type genus):Aeromonas. Plesiomonas. Photobacterium and Lucibacterium. 
The main charac te rs  which d is t in g u ish  genera of the Vibrionaceae i s  
given in Table 1. I t  can be seen th a t  Aeromonas i s  re a d ily  separated 
from the other genera on the bas is  of 0129 resistance and %GC content. 
However d i f f e r e n t ia t io n  of the o ther 4 genera i s  more d i f f i c u l t  but 
th e i r  %GC content does v a l id a te  t h i s  separation.
1.2.1 H is to r ic a l  development of the genus Vibrio
The developm ent of  th e  genus V ib r io  has c e n te re d  around th e  
c a u s a t iv e  ag en t  of c h o le ra  -  V^  c h o le r a e . The c h o le ra  v i b r i o  was 
id e n t i f ie d  by Koch and Gaffky in 1883, on a c h a ra c te r is t i c  curvature  
and d artin g  m o t i l i t y  (Hugh, 1965a). S p é c ia t io n  of the  genus V ib r io  
was based on serology, the a b i l i t y  to  l iquefy  gela tin , haemolysis of 
various red blood c e l l s  and the production of a cholera red reac tion . 
I d e n t i f i c a t i o n  schemes were aimed a t  s e p a ra t in g  th e  c h o le ra  v i b r i o  
from other morphologically s im ila r  organisms. Thus jL  cholerae was 
described  as  a m o t i l e ,  curved shaped o rgan ism s which l i q u e f i e d  
g e la t in ,  gave a p o s it iv e  cholera red reac tion , agg lu tina ted  in cholera 
s p e c i f i c  serum and was in v a r i a b ly  i s o l a t e d  from c h o le ra  p a t i e n t s .  
O ther m o rp h o lo g ic a l ly  s i m i l a r  o rgan ism s were d i s t i n g u i s h e d  from 
c h o le ra  v i b r i o s  g e n e r a l ly  on few c h a r a c t e r i s t i c s  and g iven  s p e c ie s  
designations.
In  th e  sev en th  e d i t i o n  o f  Bergey’s Manual o f  D e te rm in a t iv e  
B a c te r io lo g y  (Breed e t  â i . ,  1957) a t o t a l  o f  t h i r t y  fo u r  s p e c ie s  of
V ib r io  were l i s t e d .  These s p e c ie s  were heterogeneous in character;  
consequently i t  was impossible to  define the genus in  exclusive terms 
(Davis and Park, 1962). Two s t r i c t l y  anaerobic species  d e sc r ip t io n s  
were removed from the genus s ince no cu ltu re  of o b lig a te ly  anaerobic 
Vibrio species a re  ex tan t (Colwell, 1977). The c ircum scrip tion  of the 
genus was achieved by the in te l l i g e n t  use of a few simple t e s t s :  Hugh
& L e i f s o n ’s t e s t  f o r  th e  mode o f  g lu co se  m e tab o lism ; f l a g e l l a  
arrangement; s e n s i t iv i ty  to  the  v i b r i o s t a t i c  a g en t  0129 and gaseous 
c u l tu ra l  requirement. The m icroaerophilic  species, including fe tu s  
and Vi. bubulus were t ra n sfe rred  to  the genus Campylobacter (Sebald and 
Veron, 1963). S pec ies  which f a i l e d  to  a t t a c k  c a rb o h y d ra te s  and 
p o ssessed  a t u f t  of p o la r  f l a g e l l a  were t r a n s f e r r e d  to  th e  genus 
Comamonas (D a v is  and P a rk ,  1962). On t h e  b a s i s  o f  DNA %GC 
co m p o sit io n s  (64%) Sebald and Veron (1963) a s s ig n e d  V. p e r c o l a n s , V. 
c v c l o s i t e s . V. n e o c i s te s  and V. a l c a l i g e n e s  to  th e  genus Comamonas. 
V ib r io  cu n ea tu s  was found to  produce a green  f lu o r e s c e n t  p igm ent by 
C o lw ell and L is to n  (1961) and su b seq u en t DNA s tu d i e s  (C o lw e ll  and 
Mandel, 1964) confirm ed  the  c o n c lu s io n  t h a t  V. cu n ea tu s  should  be 
assigned to  the genus Pseudomonas. In the eighth ed it io n  of Bergey’s 
Manual (Shewan and Veron, 1974) only 5 Vibrio species  were recognised.
1.2.2 Spéciation w ith in  the genus Vibrio
The s u c c in c t  d e s c r i p t i o n  o f  th e  genus V ib r io  as  amended by th e  
Vibrio subcommittee of the In te rn a t io n a l  Committee on Nomenclature of 
b a c te r ia  (Hugh and Feeley, 1972) is :
Gram negative, asporogenous rods which have a s ing le , r ig id  curve 
or which are s t ra ig h t .  Motile by means of a s ing le  polar f lagellum . 
Produce indophenol oxidase and ca ta lase .  Ferment glucose without gas 
production. The guanine plus cytosine in  the DNA of V ibriospecies  i s  
w ith in  the range of 40 to  50 moles per cent.
According to  Hugh and Sakazaki (1972) the genus Vibrio was composed 
o f  5 s p e c ie s :  V. c h o le r a e : V. p a ra h a e m o lv t ic u s . V. a l g i n o l v t i c u s . V.
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a lb e n s i s  and V. c o s t i c o l u s . They expanded th e  genus d e f i n i t i o n  to  
include decarboxylase ( lys ine  and o r n i th in e )  and a r g in in e  d ih y ro la s e  
a c t iv i ty  and mannitol ferm entation. The minimal number of charac te rs  
fo r  th e  i d e n t i f i c a t i o n  o f  V. c h o le ra e  and V. p a ra h a e m o lv t ic u s  and 
charac ters  fo r  the d i f f e r e n t ia t io n  of V^ . cho lerae : A. hvdrophila and 
P lesiom onas s h ig e l l o i d e s  were a l s o  o u t l in e d  by Hugh and Sakazaki 
(1972).
In Bergey’s Manual, Shewan and Veron (1974) adopted  Hugh and 
F e e le y ’s (1972) d e f i n i t i o n  o f  the  genus V ib r io  b u t  a l s o  no ted  th e  
s e n s i t i v i t y  of v i b r i o s  to  2, 4 d iam ino 6, 7 d i i s o p r o p y l  p t e r i d i n e  
(0129) as  an e s s e n t i a l  f e a tu r e .  Shewan and Veron (1974) a l s o  
recognised 5 species: cholerae (type species); Vj. parahaem olvticus:
V. a n g u i l l a ru m : V. f i s c h e r i  and c o s t i c o l a . Each s p e c ie s  was 
d is tingu ished  on phenetic c h a ra c te r is t ic s  and % GC composition (Table 
2). The d isc re p a n c y  between Hugh and Sakazaki (1972) concep t of  th e  
genus V ib r io  and t h a t  of Shewan and Veron (1974) has r e s u l t e d  in  
considerable system atic  confusion. Some taxonomists have proposed new 
s p e c ie s ;  some have s p l i t  e x i s t i n g  s p e c ie s  i n t o  new s p e c ie s  w h i l s t  
o th e r  i n v e s t i g a t o r s  have proposed th e  t r a n s f e r  o f  V ib r io  s p e c ie s  to  
new genera. To avoid unnecessary confusion the taxonomic manoevres, 
which have occurred and been proposed w i l l  be reviewed with re sp ec t to  
Shewan and Veron’s c la s s i f ic a t io n  scheme.
1.2.2.1 Vibrio cho le rae  ( type  s p e c ie s )
1.2.2.1.1 H i s to r i c a l  perspective
The disease cholera was defined on i t s  c l in ic a l  p ic tu re  long before 
m ic roo rgan ism s  were a p p r e c ia te d  as be ing  a b le  to  cause d i s e a s e .  
F i l ip p o  P a c in i ,  an I t a l i a n  a n a to m is t ,  was th e  f i r s t  person  to  have 
found a ’’microbio cholerigeno” and v a l id ly  named the a e t io lo g ic  agent 
o f c h o le ra  (P a c in i ,  1854). P a c in i ’s d e f i n i t i o n  was s im p le  : a 
c h a r a c te r i s t i c a l ly  m otile , rod shaped o rgan ism s which was i s o l a t e d  
from the de jec ta  of cholera p a t ien ts .  I t  was however Koch and Gaffky 
in  Egypt in  (1883) to  whom th e  c r e d i t  f o r  i s o l a t i n g  th e  c a u s a t iv e  
ag en t of  c h o le ra  i s  g iven  (Hugh, 1965a). F o llo w in g  Koch’s d isc o v e ry
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7o f  th e  "Kom m abacillus” o th e r  v i b r i o s  morphologically s im i la r  to  the 
”Kommabacillus" were i s o l a t e d  from f a e c e s  o f  p a t i e n t s  w i th  a c u te  
d ia r rh o e a  (F in k le r  and P r io r ,  1884). I t  was t h i s  f in d in g  which 
n ecess i ta ted  th a t  b a c te r io lo g is ts  devise ways of d is t in g u ish in g  tru e  
cholera v ib r io s  from other c h o le ra - l ik e  organisms.
Koch’s o r ig in a l  d e f in i t io n  of the Kommabacillus was based on c e l l  
shape and so u rce  of i s o l a t i o n .  L a te r  he extended  h i s  d e f i n i t i o n  to  
in c lu d e  i t s  c h a r a c t e r i s t i c  m o t i l i t y  and th e  p ro p e r ty  o f  cau s in g  
g e la t in  l i q u e f a c t i o n  as  c h a r a c t e r i s t i c  f e a t u r e s .  Koch a l s o  found 
th a t  cholera v ib r io s  haemolyzed human blood. I t  was l a t e r  confirmed 
t h a t  what Koch a c t u a l l y  observed  was h ae rao d ig es tio n  and n o t  t r u e  
haemolysis (van Loghem, 1913). Dunham (1887) found th a t  a l l  cholera 
v i b r i o s  were a b le  to  produce th e  " c h o le ra  red  r e a c t io n " .  This 
reac tio n  took a prominent place in  the subsequent id e n t i f i c a t io n  of the 
comma b a c i l lu s .  I t  was the work of P fe if f e r  and I s s a e f f  (1894) on the 
s e r o l o g i c a l  r e c o g n i t io n  o f  c h o le ra  v i b r i o s  t h a t  f i n a l l y  added 
s p e c i f ic i ty  to  the  id e n t i f ic a t io n  of Vibrio cholerae. The " P fe if fe r  
phenomenon" was based on the simultaneous in tra p e r i to n e a l  in je c t io n  in  
a guinea pig of cholera immune serum and the cu l tu re  to  be examined. 
I f  the  v i b r i o  was a c h o le ra  v i b r i o ,  m ic ro sc o p ic  e x a m in a tio n  o f  a 
sample of the p er i tonea l content revealed cessa tion  of m o t i l i ty  and 
b a c te r io ly s is .  This technique was soon replaced by the ag g lu tin a tio n  
t e s t .
A f a s c i n a t i n g  accoun t d e t a i l i n g  th e  v a r io u s  groups o f  a e ro b ic  
v ib r io s  (comma shaped, a c t iv e ly  m otile  organisms possessing one polar 
flagellum) which had been id e n t i f ie d  up to  1916 i s  given by Chalmers 
and W aterfield  (1916). These workers separated aerobic v ib r io s  in to  7 
groups on th e  b a s i s  o f  s ix  c h a r a c t e r i s t i c s  (F ig . 1). V ib r io s  were 
i n i t i a l l y  s e p a ra te d  on th e  p resen ce  or absence o f  phosphorescence . 
Non p h o sp h o rescen t o rgan ism s were s e p a ra te d  on th e  l i q u e f a c t i o n  or 
nonliquefaction of g e la t in .  Organisms which l i q u e f i e d  g e l a t i n  were 
s e p a r a t e d  on t h e  f o r m a t i o n  o r  n o n f o r m a t io n  of p igm ent. Non 
phosphorescence , nonpigmented g e l a t i n  l i q u e f y in g  o rgan ism s were 
s e p a ra te d  on t h e i r  r e a c t i o n  w ith  c h o le ra  immune s e ra .  Those which
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a g g lu t in a te d  were a s s ig n e d  to  th e  c h o le ra  groups and were f u r t h e r  
s e p a ra te d  in to  e i t h e r  V±. comma or El Tor V ib r io s  on the  b a s i s  of 
haemolytic reaction . S tra in s  which f a i le d  to  ag g lu tin a te  in  cholera 
immune sera  were considered as c h o le ra - l ik e  and were fu r th e r  separated 
on th e  b a s i s  o f  grow th  p a t t e r n  in  a g e l a t i n  s ta b  and p a th o g e n ic i ty  
fo r  p igeons. C h o le r a - l ik e  v i b r i o  g row th  which resem bled  t h a t  o f  
cholera v ib r io s  in g e la t in  s tab  cu l tu re s ,  but were non pathogenic fo r 
p igeons by in t r a m u s c u la r  i n j e c t i o n ,  were assign ed  t o  th e  "Gindha" 
group. Organisms w ith in  the "Gindha" group were "motile , aerobic, non 
ph o sp h o rescen t ,  growing in  and l iq u e f y in g  g e l a t i n ,  n o t  producing 
p igm ent in  peptone w ater, no t a g g lu t in a t e d  in  t r u e  c h o le ra  immune 
serum in  1 in  200 d i lu t io n ,  w ith growths in g e la t in  s tabs  resembling 
t h a t  of Vj_ c h o le ra e  and n o t  cau s in g  d ea th  in  tw en ty  fo u r  hours  in  
pigeons when in jec ted  in to  the p e c to r a l  m uscle in  s m a l l  q u a n t i t i e s .  
Undoubtedly many of to d ay ’s c h o l e r a - l i k e  v i b r i o s  would have been 
id e n t i f ie d  in  1916 as belonging to  the "Gindha" group.
The f i r s t  recorded organism c la s s i f ie d  under the "Gindha" group as 
defined by Chalmers and W aterfie ld , was iso la ted  by Pa squale in  1891 
a t  Gindha in Erythrea and named Vibrio gindha by P fe if f e r  in  1896 in 
the  second e d i t i o n  of "F lugge’s Mikroorganismen" (Chalm ers and 
W aterfie ld , 1916 vide supra). Subsequently, Chalmers and W aterfie ld  
(1916) g a th e re d  togeth er  e ig h t  V ib r io  s p e c ie s  which a p p a r e n t ly  
belonged to  th e  "Gindha" group and a l s o  noted  t h a t  a number o f  o th e r  
species probably belonged to  the "Gindha" group. The f i r s t  t e s t s  used 
t o  s e p a ra te  t h i s  group o f  o rgan ism s was th e  a b i l i t y  of s t r a i n s  to  
reduce n itra tes to  n itr ite s  and to  produce indole. S tra in s  which gave 
p o s i t i v e  r e a c t i o n s  in  both  t e s t s  were d e s ig n a te d  as  V. g in d h a . In 
c o n tra s t  s t r a in s  which f a i le d  to  give p o s it iv e  reac t io n s  were fu r th e r  
d i f f e r e n t i a t e d  on m ilk ,  a l k a l i n e ,  p o ta to  and s e r o l o g i c a l  t e s t s .  
W ith in  th e  group i t  i s  d i f f i c u l t  t o  equa te  o rgan ism s o th e r  than  V. 
g indha to  c u r r e n t  V ib r io  s p e c ie s .  N e v e r th e le s s  th e  r a t i o n a l e  of 
assigning sim ilar organisms to  broad groups was novel and displayed 
considerable fo res ig h t.  Sadly b a c te r io lo g is ts  f a i le d  to  recognise the 
v i r tu e  of Chalmers and W aterfie lds  d iagnostic  ta b le s  and consequently 
the system atics  of the aerobic v ib r io s  has long been confused.
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Pribram (1933) assigned species  s ta tu s  to haemolytic v ib r io s  which 
agglu t inated  in cholera serum; she named them El Tor sp. nov. Vj. El 
Tor was dis t inguished from cholerae on c l i n i c a l ,  epidemiological  
and b a c t e r i o l o g i c a l  grounds.  Many w orkers  f a i l e d  t o  e s t a b l i s h  an 
a s soc ia t ion  between the El Tor v ib r io  and c l i n i c a l  cholera.  Most El 
Tor v ib r io s  were i so la ted  from e i th e r  surface  water or from the s too ls  
of  h e a l th y  p i l g r i m s  (Doorenbos, 1931) and d em o n s t ra ted  no ep idem ic  
p o t e n t i a l .  B a c t e r i o l o g i c a l l y  El Tor v i b r i o s  d i f f e r r e d  from Koch’s 
V.c h o le r a e  in  h ae m o ly t i c  a c t i v i t y  (Kraus and Pr ib ram ,  1905) and th e  
Voges-Proskauer reac t ion  (Taylor e t  a l . ,  1937). Between 1933 and 1958 
f r e q u e n t  ep idem ics  of  d i a r r h o e a l  d i s e a s e  due to  El Tor v i b r i o s  were 
r e p o r te d  in  S u law es i ,  In d o n e s ia  (Tanamal,  1959). These o u tb re a k s  
never  e x h i b i t e d  pandemic expansion  and on t h i s  f a c t  and t h e  minor 
biochemical d i f fe rences  El Tor was absolved from any choleragenic 
a t t r i b u t e .
In 1961 El Tor d i s e a s e  sp read  from S u law esi to  t e r r i t o r i e s  in  
S o u th -E a s t  Asia and su b se q u e n t ly  to  the  Middle E as t ,  Europe and th e  
Americas (Kamal, 1974). At th e  beg inn ing  o f  th e  sev en th  c h o le ra  
pandemic considerable confusion surrounded the taxonomic s ta tu s  of El 
Tor v i b r i o s  ( F e ls e n fe ld ,  1964). Some w orkers  (de Moor, 1963, 
M ukerjee, 1963) r e t a in e d  th e  s p e c ie s  s t a t u s  proposed e a r l i e r  by 
P ribram . O thers  c o n s id e re d  El Tor v i b r i o s  as  a b io ty p e  (Hugh, 1962; 
F ee ley  and P i t tm a n ,  1963) or a v a r i a n t  ( F e ls e n f e ld ,  1963) o f  V. 
cho lerae . Some of the taxonomic confusion was resolved by Hugh (1965a 
and b). In  one s tudy  Hugh ( 1965 a) compared 258 i s o l a t e s  o f  non 
h a e m o ly t ic  V. c h o le ra e  w ith  th e  proposed neo type V. c h o le r a e  s t r a i n  
(NCTC 8021) over 51 c h a ra c te r is t ic s .  The c h a r a c te r i s t i c s  of the  258 
s t r a i n s  were so s i m i l a r  to  th e  neo type s t r a i n  o f  V^ . c h o le r a e  to  
warrant inc lusion  in  the same species. In a fu r th e r  study, Hugh (1965 
b) compared 57 c h a ra c te r is t ic s  of the neotype s t r a in s  of VV cholerae 
and Vs. El Tor and recommended th a t  the two species be amalgamated to  a 
s in g l e  s p e c ie s  V. c h o le r a e . Hugh’s recom m endation was endorsed  by 
the Vibrio Subcommittee of the In te rn a t io n a l  Committee on Systematic 
B a c t e r i o l o g y  (Hugh & S a k a z a k i  1975). N e v e r t h e l e s s  many 
b a c t e r i o l o g i s t s  w orking in  c h o le ra  endemic a r e a s  were r e t i c e n t  in  
t h e i r  accep tan ce  of Hugh’s p ro p o sa ls  (M ukerjee, 1966). O ther
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b a c te r io lo g is t s  because of t e s t  v a r i a b i l i t y  remained confused over the 
c r i t e r i a  used to  designate  a s t r a in  as cholerae biotype El Tor.
Hugh ( 1965b) found 7 b a c te r io lo g ic a l  t e s t s  which d is t ingu ished  the 
two neotype s t r a in s :  Simmon’s c i t r a t e ;  tu b e  haem olysis; su b se ro ty p e  
and s e n s i t i v i t y  to  M ukerjee’s b a c te r io p h a g e  I ,  I I ,  I I I  and IV. The 
usefulness of these seven t e s t s  and o thers  was in v es tig a ted  using 220 
i s o l a t e s  o f  0 group 1 V. c h o le ra e  by Feeley  (1965). On th e  b a s i s  o f  
haemolytic a c t iv i ty ,  phage IV s e n s i t i v i t y ;  ch ick  c e l l  a g g l u t i n a t i o n  
and Voges-Proskaeur rea c tio n  th e  220 s t r a in s  were divided in to  f iv e  
ty p es .  F e e le y ’s type  1 s t r a i n s  were non h a e m o ly t ic ,  f a i l e d  to  
a g g l u t i n a t e  c h ick  c e l l s ,  were s e n s i t i v e  to  M ukerjee’s phage IV and 
invariab ly  f a i le d  to  give a p o s it iv e  Voges-Proskaeur reac t io n  : these 
s t r a i n s  e x p l i f i e d  c l a s s i c a l  ch olera  v i b r i o s .  F eeley  type  3 s t r a i n s  
were s t r o n g ly  h a e m o ly t ic ,  were r e s i s t a n t  to  phage IV, i n v a r i a b ly  
agglu tinated  chick c e l l s  and gave p o s it iv e  Voges-Proskaeur reac tions .  
Type 3 s t r a in s  were ty p ica l  El Tor v ib r io s .  The other Feeley’s types 
f a i l e d  to  f i t  th e  c r i t e r i a  of c l a s s i c a l  or El Tor v i b r i o s  and w ere 
considered as in term edia te  s t r a in s .  Feeley’s type 2 s t r a in s  d if fe re d  
from c l a s s i c a l  s t r a i n s  in  t h e i r  a b i l i t y  to  a g g l u t i n a t e  c h ic k  c e l l s .  
F e e le y ’s ty p e s  4 and 5 d iffe r e d  from El Tor s t r a i n s  in  h a e m o ly t ic  
a c t iv i ty .  Type 4 s t r a in s  f a i le d  to  show p o s i t iv e  tube haemolysis but 
produced haemolysis on blood agar p la te s  w h ils t  type 5 s t r a in s  were 
nonhaemolytic by both c r i t e r i a .  Thus Feeley confirmed Hugh’s f ind ings  
t h a t  th e  d i f f e r e n c e s  b e tw e e n  V^ c h o l e r a e  and El Tor w ere  
in fra su b sp ec if ic  and endorsed the proposal th a t  only a s in g le  species  
be recogn ised . However u n l ik e  Hugh’s f in d in g s  (Hugh 1965b) F ee ley  
(1965) considered V^ . cholerae 0 group 1 s t r a in s  to  c o n s is t  of severa l 
types.
1.2.2.1.2 C u rren t s ta tu s  of Vibrio cholerae
As d e f in e d  in  th e  8 th  e d i t i o n  o f  Bergey’s Manual (Buchanan and 
Gibbons, 1974) cholerae i s  a heterogeneous assemblage of organisms 
which d i f f e r  in  : b io c h e m is t ry ;  eco logy  and p a th o g e n ic i ty .  Four 
b io ty p e s  o f  V. c h o le ra e  were recogn ised  : c h o l e r a e : El T o r: a l b e n s i s  
and p r o te u s . The in c lu s io n  o f  b io ty p e s  ch o lerae  ( c l a s s i c a l  c h o le ra
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s t r a i n s )  and El Tor in  \L c h o le ra e  was d is c u s s e d  e a r l i e r ;  th e  
i n c lu s io n  of b io ty p e s  p ro te u s  and a lb e n s i s  was r e j e c t e d  by p u b l ic  
h e a l th  a d m i n i s t r a t o r s  on th e  grounds t h a t  c h o le r a e  should  be 
r e s t r i c t e d  to  o rgan ism s cap ab le  of cau s in g  c h o le ra .  In  a d d i t i o n  to  
these 4 biotypes Bergey’s Manual recognises th a t  cholera v ib r io s  which 
f a i l  t o  a g g l u t i n a t e  in  0 group 1 serum e x i s t  and a re  u s u a l ly  c a l l e d  
n o n ch o le ra  v i b r i o s  (NCVs). By d e f i n i t i o n  th e  m a jo r i ty  o f  NCVs a re  
excluded  from a l l  4 b io ty p e s  o f  V. c h o le r a e : t h e i r  taxonom ic s t a t u s  
w ith in  the species cholerae has th e re fo re  to  be decided.
The V ib r io  Subcom m ittee o f  th e  I n t e r n a t i o n a l  C o m m itte e  on 
S y s te m a t ic  B a c te r io lo g y  (Hugh and S akazak i,  1975) unanim ously  
recommended the  e x c lu s io n  o f  b io ty p e s  p ro te u s  and a l b e n s i s  from V. 
cholerae. The Vibrio Subcommittee recognised the paucity of taxonomic 
d a ta  on th e  p ro te u s  and a lb e n s i s  b io ty p e s  and urged t h a t  s tu d i e s  
d irec ted  to  the designation  of types s t r a in s ,  the proposal of neotype 
s t r a in s  and the determ ination of minimal charac te rs  fo r  id e n t i f i c a t io n  
of s t r a in s  of each species be conducted.
According to  Shewan and Veron (1974) s t r a i n s  l i s t e d  as  V. p ro te u s  
and Vi. m e tsc h n ik o v i i  in  c u l t u r e  c o l l e c t i o n s  a r e  synonymous w i th  V. 
cholerae biotype pro teus. The proposal to  include biotype proteus 
in Vj_ cholerae was re je c te d  by the Vibrio Subcommittee but they made 
no d e c i s i o n  on th e  p r o p o s a l  t o  co m b in e  IL p r o t e u s  and V. 
m etschnikovii. Lee ^  ^ . ,  (1978b) examined the r e la t io n s h ip  of the 
V. m e ts c h n ik o v i i - p ro te u s  group to  the  genus V ib r io  and r e l a t e d  
organisms. They compared by numerical methods 83 s t r a in s  rep resen ting  
v i b r i o s  and aeroraonads over 130 c h a r a c t e r s .  Of th e  83 s t r a i n s  
examined 40 s t r a in s  were oxidase negative, v ib r io - l ik e  and represen ted  
V. m e tsc h n ik o v i i  (synonyms V. p r o te u s : V. c h o le ra e  b io ty p e  p r o te u s ). 
The species e p i th e t  metschnikovii had p r io r i ty  over proteus because V. 
proteus although v a l id ly  published, was an i l l e g i t im a te  name (Buchanan 
e t  a l . .  1966). I t  i s  i n t e r e s t i n g  to  no te  th e  h igh  p e rc e n ta g e  
s im i la r i ty  lev e l  se lec ted  by Lee e t  a l . , (1978b) to  d e l in ea te  species. 
In  Lee’s s tudy  th e  s i m i l a r i t y  between s t r a i n s  was e x p re s se d  in  
dendrogram form using s in g le  linkage c lu s te r  ana lys is .  At the  85% S 
l e v e l  s t r a i n s  o f  c h o le ra e  and V^ m e tsc h n ik o v i i  formed a s in g l e
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group; a t  th e  89% S l e v e l  V. m e tsc h n ik o v i i  s t r a i n s  s e p a ra te d  from \L 
cholerae s t r a in s .  Thus Lee e t  a l . , (1978b) considered th a t  a t  the 89% 
S l e v e l  t h e  m e t s c h n i k o v i i  and c h o l e r a e  c l u s t e r s  w ere
s u f f ic ie n t ly  d i f f e re n t  to  warrant s e p a ra t io n  i n to  d i f f e r e n t  s p e c ie s .  
The main d i f f e r e n t i a l  t e s t s  fo r  d is t ingu ish ing  these two groups were 
growth in  0% s a l t ,  oxidase reac tion ; n i t r a t e  reduction and acid  from 
g ly c e r o l .  S upporting  ev idence  f o r  t h e i r  separation  was obtained by 
DNA s tu d i e s  : th e  % GC c o n te n t  o f  9 m e tsc h n ik o v i i  s t r a i n s  was in  th e  
range of 44.2 to  46,9 -  s l ig h t ly  too low for ]L cholerae s t r a in s  (46 -  
49% GC; Colwell, 1977).
The taxonomic s ta tu s  of cholerae other than 0 group 1 (NCVs) has 
no t been f u l l y  re so lv e d .  By d e f i n i t i o n  they  a re  exc luded  from the  
cholerae and £1 Tor biotypes of V^  cholerae and are  c le a r ly  separa te  
from the a lbens is  biotype and V. m etschnikovii. The f i r s t  taxonomical 
study of NCVs was in  1967 (Sakazaki, e t  a l . ,  1967). They examined 152 
s t r a i n s  which conformed to  the  then  c u r r e n t  d e f i n i t i o n  of th e  genus 
V ib r io  (Hugh & Sakazak i,  1972). On th e  r e s u l t s  o f  th e  f o l lo w in g  
t e s t s :  ly s ine  and o rn ith ine  decarboxyla tion ; a r g in in e  d ih y d r o l a t i o n ,  
c h o le ra  red ;  a c e to in  p ro d u c t io n ;  h aem o ly s is  p ro d u c t io n ;  m a n n i to l  
ferm entation; growth in  8% sodium ch lo ride  and s u s c e p t ib i l i ty  to  the 
v i b r io s t a t i c  agent 0129, s t r a in s  were separated in to  4 b iotypes : NCVs 
(118); a n ae ro g en ic  aeromonads (24); ]L p a ra h a e m o lv t ic u s  (2) and 
P lesiom onas s h i e e l l o i d e s  (8). Using only  th e  r e s u l t s  o b ta in e d  from 
th e  NCVs (118); a n ae ro g en ic  aeromonads (24); V. c h o le r a e  El Tor (5) 
and A. fo rrn icans  (3) a d a ta  m a tr ix ,  com paring th e s e  150 s t r a i n s  over 
48 t e s t s ,  was prepared. From the r e su l t in g  s im i la r i ty  m atrix  the NCVs 
and anaerogenic aeromonads were d is tingu ished  a t  the 70% S le v e l .  The 
r e f e r e n c e  ]L c h o le ra e  El Tor s t r a i n s  (5) c l u s t e r e d  w i th  th e  NCV 
b io ty p e  whereas th e  3 Ai. fo rm ican s  s t r a i n s  a s s o c i a t e d  w i th  th e  
a n ae ro g en ic  aeromonads. The % GC c o n te n t  of DNA in  a NCV s t r a i n  was 
44.8 whereas an a n ae ro g en ic  aeromonad s t r a i n  p o ssessed  a % GC 
co m p o sit io n  o f  62. This  s tudy  th e r e f o r e  confirm ed  the  g e n e r ic  
s e p a r a t io n  of V ib r io  and Aeromonas and in d ic a te d  a h igh  p h e n e t ic  
s im i la r i ty  ex isted  between NCVs and V., cholerae El Tor.
A s i m i l a r  c o n c lu s io n  t h a t  NCVs be in c lu d e d  in  th e  s p e c ie s  V^
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c h o le ra e  was made by C o lw ell (1970). C u l tu re s  r e p r e s e n t in g  V. 
c h o le ra e  b io ty p e  c h o le ra e  (9) and b io ty p e  £1 Tor (11), NCVs (10), V. 
p a ra h a e m o lv t ic u s  (35) and 21 r e p r e s e n t a t i v e  s t r a in s  of Pseudomonas. 
S p i r i l l iu m . Achromobacter. Arthrobacter and marine Vibrio species  were 
compared over 200 c h a ra c te r is t ic s .  S tra in s  of ]L choleraeOI and NCVs 
formed a homogeneous c l u s t e r  s h a r in g  an o v e r a l l  S v a lu e  o f  75%. No 
s e p a r a t io n  o f  th e  10 NCVs s t r a i n s  from th e  20 V. c h o le r a e  s t r a i n s  
occurred. Two NCV s t r a in s  (NCTC 30 and NCTC 8042) d i f f e r re d  from the 
hypothetica l median organisms of ]£  cholerae to  warrant exclusion from 
th e  s p e c ie s .  U n fo r tu n a te ly  th e  n a tu re  o f  th e  d i f f e r e n c e s  between 
these 2 aberran t s t r a in s  from the other NCVs and ]L cholerae s t r a in s  
was not given. S tra in  NCTC 8042 was i s o la te d  in  1932 and belonged to  
Sakazaki serogroup  7. I t  i s  p o s s ib le  t h a t  p ro longed  l a b o r a to r y  
c u l t u r e  o f  th e se  s t r a i n s  may h av e  a l t e r e d  t h e i r  b i o c h e m i c a l  
p r o p e r t i e s .  N e v e r th e le s s  a more d e t a i l e d  n u m eric a l  e x a m in a tio n  of 
NCVs i s  needed to  e s t a b l i s h  t h e i r  r e l a t i o n s h i p  w i th  0 group 1 V. 
cho le rae .
1.2.2.2 V ibrio  parahaemolvticus
This  r e l a t i v e l y  newly d e s c r ib e d  s p e c ie s  has had a chequered  
ta x o n o m ic  p a th  : F u j i n o  e_t ^ . ,  (1951) named i t  P a s t e u r e l l a  
p a ra h a e m o lv t ic a : Takikawa (1958) named i t  Pseudomonas e n t e r i t i s : 
Miyamoto e t  ^ . , (1 9 6 1 )  named i t  Oceanomonas parahaemolvtica: Sakazaki 
e t  a l . ,  (1963) named i t  jL p a ra h a e m o lv t ic u s  w h i l s t  Baumann e t  a l . .  
(1971) proposed the name Beneckea parahaemolvtica. This noraenclatural 
co n fu s io n  r e s u l t e d  from th e  p r e f e r e n t i a l  w e ig h t in g  o f  c e r t a i n  
c h a ra c te r is t ic s .  Both the V ibrio  Subcom m ittee of th e  I n t e r n a t i o n a l  
Committee on S y s te m a t ic  B a c te r io lo g y  (Hugh & S akazak i,  1975) and 
Bergey’s Manual (Shewan & Veron, 1974) recognise parahaemolvticus 
as  a v a l i d  s p e c ie s  o f  th e  genus V ib r io . N e v e r th e le s s  t h e r e  rem a in s  
two m ain  c o n t e n t i o u s  a r e a s  c o n c e r n in g  th e  s y s t e m a t i c s  o f  V. 
parahaemolvticus. F i r s t l y  the taxonomic s ta tu s  of s t r a in s  id e n t i f i e d  
as V. parahaemolvticus b io types  p a ra h a e m o lv t ic u s  and a l g i n o l v t i c u s . 
Secondly whether h a lo p h il ic  v ib r io s  should be assigned to  a new genus.
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1.2.2.2.1 H is to r i c a l  p e r s p e c t iv e
On O ctober 20 and 21, 1950 an o u tb re a k  o f  food p o iso n in g  due to  
’sh ira su ’ occurred in  Osaka p re fec tu re , in  which 272 persons developed 
symptoms of a c u te  g a s t r o e n t e r i t i s  and 20 d ied  (M iw atani & Takeda, 
1976). Using Skerman's i d e n t i f i c a t io n  key (1949) th e  organism  which 
had been iso la te d  from a food poisoning v ic tim  and the causative food 
" s h i r a s u ” r e s e m b le d  th e  p a s t e u r e l l a e  and was named P a s t ,  
p a ra h a e m o lv t ic a . A s i m i l a r  organism  was i s o l a t e d  d u r in g  a food  
p o iso n in g  outbreak which o ccu rred  in  a h o s p i t a l  in  Yokohama in  1955 
(Takikawa, 1956). Takikawa noted th e  s i m i l a r i t y  o f  h i s  i s o l a t e  to  
t h a t  o f  P a s t ,  p a r a h a e m o l v t i c u s  b u t  i n  a d d i t i o n  reco rd ed  th e  
halophilism  and a n t ig e n ic i ty  of the organism. Many s im i la r  v ib r io s  
were su b se q u e n t ly  i s o l a t e d  from s p o ra d ic  c a se s  o f  d ia r rh o e a .  The 
taxonomic pos it io n  and r e la t io n sh ip  of these v ib r io s  to  Fujino’s Past, 
parahaemolvtica remained unsolved. In 1958 Takikawa proposed the name 
Pseudomonas e n t e r i t i s  fo r  th e  h a l o p h i l i c  v i b r i o s  which produced 
diarrhoea. Takikawa Ps. e n t e r i t i s  N4 s t r a i n  d iffe r r e d  from F u jin o  
P a s t ,  p a ra h a e m o lv t ic a  (EB 102 s t r a i n )  in  i t s  i n a b i l i t y  to  fe rm e n t  
a ra b in o se .  In  an attem pt t o  r e so lv e  t h i s  s y s te m a t ic  con fu sion  
Miyamoto e t  a l  (1961) proposed a new subgenus Oceanomonas of the genus 
Aeromonas to  in c o r p o r a te  a l l  p a th o g en ic  f a c u l t a t i v e  h a l o p h i l i c  
b a cter ia . The subgenus was d iv id e d  i n t o  3 s p e c ie s  on th e  b a s i s  o f  
c h i t in  and a lg in a te  breakdown and growth on deoxycholate agar (DCA). 
Thus Oi. p a ra h a e m o lv t ic a  (synonym P a s t ,  p a ra h a e m o lv t ic a ) f a i l e d  to  
breakdown c h i t in  or a lg in a te  or grow on DCA; 0&. e n t e r i t i d i s  (synonym 
Ps. e n t e r i t i s ) hydrolysed c h i t i n  bu t no t a l g i n a t e  and grew on DCA 
w h i l s t  Oi. a l e i n o l v t i c a  ( Ps. e n t e r i t i s  Takikawa’s s e ro ty p e  X II) 
fe rm en ted  su c ro se ,  hydrolysed c h i t i n  and a l g i n a t e  and grew on DCA. 
Thus in  th e  f i r s t  decade s in c e  i t s  d is c o v e ry  3 d i f f e r e n t  g en era  had 
been proposed fo r  the h a lo p h il ic  enteropathogenic b ac te r ia .
The second decade of the  o rgan ism s h i s t o r y  was as  ta x o n o m ic a l ly  
c o n fu s in g  as  th e  f i r s t .  A d e f i n i t i v e  s tu d y  on th e  m o rp h o lo g ic a l ,  
c u l t u r a l ,  b io ch em ica l  p r o p e r t i e s  and taxonom ic p o s i t i o n  o f  th e  
h a l o p h i l i c  e n te ro p a th o g e n ic  b a c t e r i a  was r e p o r te d  by Sakazaki ^  
a l . , ( 1 963). From th e  r e s u l t s  of  t h i s  s tu d y ,  Sakazaki ^  a£ ., (1963)
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concluded th a t  these ha loph i l ic  organisms were more s im i la r  to  v ib r io s  
than to  aeromonads; consequently they named them Vj_ parahaemolvticus 
sp. nov. On the bas is  of biochemical d i f fe rences  Vj_ parahaemolvticus 
was s e p a r a t e d  i n t o  two b io ty p e s  : b io ty p e  1 c o n s i s t e d  o f  th e
e n te r o p a th o g e n ic  v a r i e t i e s  w h i l s t  b io ty p e  2 r e p r e s e n t e d  m ain ly  
en v i ro n m e n ta l  o rgan ism s  w i th  l i m i t e d  e n t e r o p a th o g e n ic  p o t e n t i a l .  
B io type 2 s t r a i n s  were d i f f e r e n t i a t e d  by t h e i r  a b i l i t y  t o  grow in  
peptone water containing 10% sodium chlor ide ,  by th e i r  p o s i t iv e  Voges- 
Proskauer reac t ion  and by th e i r  a b i l i t y  to  ferment sucrose. Zen Yogi 
. e t ^ . ,  ( 1965) conf i rm ed  th e  a s s o c i a t i o n  of  b io ty p e  1 s t r a i n s  w i th  
d i a r r h o e a l  d i s e a s e  and concluded t h a t  b io ty p e  1 s t r a i n s  were 
e n te r o p a th o g e n ic  w h i l s t  b io ty p e  2 s t r a i n s  were c o n s id e re d  to  be 
nonpathogenic. The biochemical d i f fe rences  between these two biotypes 
was confirmed and prompted Zen Yogi (1967) to propose the exclusion 
of biotypes  2 from V^. parahaemolvticus. This proposal was endorsed by 
Sakazaki (1968); he named biotype 2 s t r a i n s  Vj. a lg ino lv t icus  sp nov..
The r e l a t i o n s h i p  o f  V. p a ra h a e m o lv t i c u s  to  th e  genus V i b r io  was 
confirmed by Colwell (1970). However the c lea r  separation of s t r a i n s  
of  Vi, parahaemolvticus and ]L a lg in o lv t icu s  noted in Colwell’s study 
i s  d i f f i c u l t  t o  i n t e r p r e t .  Co lw e l l  ( I 97O) d e s ig n a te d  3 s t r a i n s  a s  V. 
a l g i n o l v t i c u s  on th e  b a s i s  of  t h e i r  phenetic d i f fe rences  with other  
V .parahaem olv t icus  in  her  s tudy  and t h e i r  s i m i l a r i t y  t o  S a k a z a k i ’s 
d e s c r i p t i o n  o f  V^ . a l g i n o l v t i c u s . N e v e r t h e l e s s  C o l w e l l ’s 3 
a lg ino lv t icus  s t r a i n s  dem o n s t ra ted  n e g a t iv e  r e a c t i o n s  f o r  o x id a s e ,  
l i p a s e  and l y s i n e  d eca rb o x y la se  and were r e s i s t a n t  t o  0129 : 
c h a r a c t e r i s t i c s  incons is ten t  with the genus Vibrio. I n te r e s t i n g ly  in 
a n o th e r  paper ,  C i t a r e l l a  and Co lw e l l  (1970) r e p o r t e d  t h a t  t h e s e  3 
s t r a in s  possessed a % GC composition of  39 + 1. Tlius these 3 s t r a i n s  
p h e n e t i c a l l y  and g e n e t i c a l l y  d i f f e r r e d  from d e s c r i p t i o n s  o f  V. 
a lg in o lv t i c u s .
1.2.2.2.2 Current s ta tu s  of Vibrio parahaemolvticus
The 8th e d i t ion  of  Bergey’s Manual d is t ingu ishes  two biotypes  of  V. 
p a r a h a e m o l v t i c u s  : b i o t y p e  p a r a h a e m o l v t i c u s  and b i o t y p e
a lg ino lv t icus .  This separa tion accords with the f indings  of  Sakazaki
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e t  al . . ,(1963) bu t  i s  a t  v a r i a n c e  w i th  S a k azak i ’s l a t e r  p roposa l  
(Sakazak i ,  1968). The V ib r io  Subcommit tee o f  th e  I n t e r n a t i o n a l  
Committee of Systematic Bacteriology, recognise a lg in o lv t icu s  s t r a i n s  
a s  a s p e c i e s  d i s t i n c t  from ] £  p a ra h a e m o lv t ic u s  (Hugh and Sakazaki ,  
1975). S i m i l a r l y ,  r e s u l t s  o f  a n u t r i t i o n a l ,  p h y s i o l o g i c a l  and 
m o rpho log ica l  c h a r a c t e r i s a t i o n  of  m ar ine  v i b r i o s  conf i rm ed  the  
s e g r e g a t i o n  of  V. p a ra h a e m o lv t i c u s  and V. a l g i n o l v t i c u s  (Baumann e£ 
a l . .  1973). Thus t h e r e  a r e  many c l e a r  b a c t e r i o l o g i c a l  d i f f e r e n c e s  
between th e  two b io ty p e s  : a l g i n o l v t i c u s  and p a ra h a e m o lv t i c u s
ind ica t ing  tha t  separa te  spec ies  s t a t u s  f o r  th e se  b i o ty p e s  might  be 
more appropriate.
1.2.2.3 Taxonomy of ha loph i l ic  v ib r io s
Marine microorganisms d i f f e r  from t e r r e s t r i a l  species  in  having a 
s p e c i f i c  r e q u i re m e n t  of  sodium ions  (Baumann and Baumann, 1977). A 
requirement for  sodium ions was i n i t i a l l y  thought to  be s u f f i c i e n t  to  
d i s t i n q u i s h  mar ine  b a c t e r i a  from t e r r e s t i a l  forms (MacLeod and 
Onofrey,  1957). However s e v e r a l  t e r r e s t i a l  b a c t e r i a  o f t e n  r e q u i r e  
sodium ions for  growth a l b e i t  the sodium concentrat ion necessary i s  
r e l a t i v e ly  low and often depends on cu l tu ra l  condi tions.  Low le v e l s  
(2.5 mM) of sodium chlor ide was found to  s t im ula te  the growth r a t e  and 
y i e l d  o f  V. c h o le r a e  ( R e i c h e l t  and Baumann, 1974) Thus an o b l i g a t e  
requirement for  sodium ions appears i n s u f f i c i e n t  to  separa te  marine 
and t e r r e s t i a l  bac te r ia .  F req u en t ly  mar ine  b a c t e r i a  f a i l  t o  d i f f e r  
from t e r r e s t i a l  bac te r ia  in a s u f f i c i e n t  number of c h a r a c t e r i s t i c s  to  
w a r r a n t  s e p a r a t e  taxonomic groups.  In a co m p ara t iv e  s tudy  of  the  
b a c t e r i o l o g i c a l  and n u t r i t i o n a l  p r o p e r t i e s  of 60 marine bac te r ia  to 
131 t e r r e s t r i a l  s t r a i n s  no c h a r a c t e r i s t i c  was found exclusive to  the 
marine bac te r ia  (Colwell & Gochnauer, 1963) I t  appears t h a t  separa te  
genera cannot be formed to  descr ibe marine species ;  a conclusion to  be 
expected i f  there  i s  a close evolut ionary r e la t io n sh ip  between marine 
and t e r r e s t i a l  o rgan ism s.  N e v e r th e le s s  th e  e s t a b l i s h m e n t  of  a 
separa te  genus to  accommodate marine v ib r io s  has been proposed.
As s t a t e d  e a r l i e r  Miyamoto e t  a£, ,  (1961) were amongst  th e  f i r s t  
b a c te r io lo g is t s  to  propose a new genus Oceanomonas to  accommodate s a l t
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requir ing  Vibr io - l ik e  organisms. On the bas is  of numerical taxonomy 
and deoxyribonucleic a c id / r ib o n u c le ic  a c id  homology d a ta  Tubiash  e£ 
al.,(1970) bel ieved t h a t  the marine v ib r io s  may eventually  be assigned 
to  a separa te  new genus. Ruger (1972) proposed the genus Marinovibrio 
t o  accommodate b a c t e r i a  i s o l a t e d  from marine  e nv i ronm en ts  which 
resem bled  the  genus V ib r io  b u t  r e q u i r e d  sodium io n s  f o r  growth  and 
grew a t  t e m p e r a tu re s  up t o  30*^C. N e v e r th e le s s  over  th e  l a s t  decade 
Paul Baumann has provided the g r e a t e s t  impetus fo r  the c rea t ion  of a 
new genus of  marine v ibr ios .
Baumann ,et al . ,(197D noted t h a t  the genus Vibrio consis ted  to  two 
e c o l o g i c a l l y  d i s t i n c t  groups : s t r a i g h t  and curved ro d s  o f  m ar ine  
or ig in  and V. cholerae and re la ted  s t r a i n s  which inhabited  f re sh  water 
and the human in te s t in e .  I n tu i t i v e l y  Baumann e t  al.,(1971) considered 
t h a t  the ecological  d i s t i n c t io n  between marine and f resh  water s t r a i n s  
r e f l e c te d  a profound biochemical d i s s im i l a r i t y .  Many of the marine 
v i b r i o s  examined by Baumann ,et  a l . , (  1971) produced l a t e r a l  f l a g e l l a  
under ce r ta in  c u l tu ra l  conditions. This f inding coupled with numerous 
physiological ;  n u t r i t i o n a l  and ecological  s i m i l a r i t i e s  to  a group of 
c h i t i n o c l a s t i c ,  Gram negative, fermentative bac te r ia  of  marine or ig in  
c l a s s i f i e d  w i t h i n  th e  genus Beneckea. l e d  Baumann .et  al ., ,(  1971) t o  
include t h e i r  marine v ib r io s  in the same genus. The type spec ies  of 
the genus Beneckea was B^ . l a b r a : unfortunate ly  no known s t r a i n s  (type 
or neotype) of th i s  species  were extant.  Tlie r e l a t io n s h ip  of  B^ . labra  
t o  Baumann’s m ar ine  v i b r i o s  t h e r e f o r e  could  n o t  be o b j e c t i v e l y  
evaluated. Nevertheless Baumann has continued t o  assign marine v ib r io s  
to  t h e  genus Beneckea and r e c o g n i s e s  12 s p e c i e s  many of  which a r e  
synonymous with Vibrio spec ies  (Baumann,and Baumann 1977). The 8 th  
e d i t ion  of Bergey’s Manual (Shewan & Veron, 1974) p resents  the genus 
and s p e c i e s  l i s t e d  by Baumann e t  a l . ,  a s  a genus and s p e c i e s  of  
u n c e r t a i n  taxonomic p o s i t i o n .  Recen t ly  Baumann ,et al.., (1980)
recommended the ab o l i t io n  of the genus Beneckea (for  a more d e ta i l ed  
discussion see page35).
1.2.2.4 Status  of nonpathogenic Vibrio species
This  rev iew i s  r e s t r i c t e d  to  v i b r i o s  o f  m ed ica l  im p o r tan ce .  The
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systematics  of the non human associa ted v ib r io s  w i l l  not be reviewed 
although the ecological  importance of these organisms i s  appreciated.  
A b r i e f  ex am ina t ion  of  th e  taxonomic l i t e r a t u r e  on v i b r i o s  r e v e a l s  
t h a t  the system atics of the autochthonous marine v ib r io s  i s  equally as 
confused as the pathogenic v ib r ios .  In Bergey’s Manual many species  
a r e  o f  u n c e r t a i n  t a x o n o m i c  p o s i t i o n .  Thus t h e  s t a t u s  o f  B. 
c a r n p b e l l i i . B. n e p tu n a : B. n ere id a : B. p e la s ia ; B. n i g r a p u l c h r i t u d a  
and B. natr iegens remains to  be es tab li shed .  These organisms may w ell  
deserve t h e i r  own generic s ta tu s  or in the fu tu re  be included in  the  
genus Vibrio. For tunately the majori ty  of these autochthonous marine 
v i b r i o s  a r e  r e a d i l y  d i s t i n g u i s h e d  from human associa ted  v ib r io s  and 
should  r a r e l y  cause  c o n fu s io n  i n  t h e  d i a g n o s t i c  m i c r o b i o l o g y  
laboratory (Furniss e t  a l . ,  1978).
1,2 .2 .5  Recently recognised pathogenic Vibrio organisms
Since the publ icat ion  of Bergey’s Manual (1974) a number of Vibr io-  
l i k e  organisms have been i so la te d  which do not id e n t i fy  with current 
s p e c i e s  o f  th e  V ib r io n a c e a e . Some i n v e s t i g a t o r s  have c o m p le te ly  
c h a r a c t e r i s e d  and proposed s p e c i f i c  e p i t h e t s  f o r  t h e s e  V i b r io - l i k e  
organism s. The fo rm al  c l a s s i f i c a t i o n  of  o th e r  r e c e n t l y  i d e n t i f i e d  
pathogens have not yet  been published. Nevertheless the systematics  
of  these recen t ly  recognised pathogenic v ib r io s  w i l l  now be reviewed.
1.2.2.5.1 Vibrio f l u v i a l i s  (syn. group F, EF6 and group 111 v i b r i o s )
Between th e  autumn and spring c h o l e r a  season o f  1976 (Septem ber) 
and 1977 (June) specim ens from 10,674 p a t i e n t s  w i th  d i a r r h o e a  
at tending the Cholera Research Labora tories ,  Bangladesh were cu l tured  
(Huq^et al.,, 1980a). From 518 (4.9%) s t o o l  samples  was recovered  a 
Gram n e g a t iv e ,  ox idase  p o s i t i v e ,  p o l a r l y  f l a g e l l a t e d ,  rod shaped,  
fermentative organism. These c h a r a c t e r i s t i c s  placed the organism in 
the family Vibrionaceae. I d e n t i f i c a t i o n  to  genus leve l  was d i f f i c u l t  
because th e  organism possessed  c h a r a c t e r i s t i c s  in  common w i t h  
aeromonads (decarboxylase pattern) and v ib r io s  ( s e n s i t i v i t y  to  0129). 
On the  b a s i s  of  sugar ferm en tation  p a t t e r n  th e s e  organism s were 
p r o v i s i o n a l l y  a s s ig n e d  to  Heiberg group I I I .  A l l  th ese  group I I I
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v ib r io s  were i so la ted  from diarrhoeal  p a t ie n t s  in Bangladesh. I t  was 
not known with any ce r t a in ty  whether the organism was responsib le  for  
the diarrhoea. Case control  s tud ies  were not done; v i ruses ,  p a ra s i t e s  
and other b a c te r i a l  pathogens were not ruled out  and enterotoxigenic  
E. c o l i  s tr a in s  were i s o l a t e d  from on e-th ird  o f th e  s t o o l  samples .  
Experimental pathogenicity assays on group I I I  v ib r io s  were s im i la r ly  
inconclusive.
Similar  s t r a in s  to  the group I I I  v ib r io s  had been received a t  the 
V ib r io  Reference  L a b o ra to ry  (VRL), Maidstone f o r  i d e n t i f i c a t i o n .  
I n i t i a l l y  these organisms were re fe r red  to  as marine aeromonads and 
la te r  d e s ig n a te d  group F (F u rn i s s  e t  a l . , ,1977). Six group F s t r a i n s  
were included in a numerical taxonomic study on ] £  metschnikovii and 
formed a d i s t i n c t  phenon (Lee e t  .al., 1978b). Group F l i k e  organisms 
were a l s o  s p o r a d i c a l l y  i s o l a t e d  in  th e  United S t a t e s  (Huq .et a l . ,  
1977) and prov is ional ly  c a l l  EF6. The r e l a t io n s h ip  of group F s t r a i n s  
to other  organisms within  the Vibrionaceae was determined by Lee .et 
â i . , (198l) .  They compared 154 Vibr io- l i k e  s t r a i n s  including 59 group 
F s t r a i n s  over  100 c h a r a c t e r i s t i c s .  The group F s t r a i n s  formed a 
s i n g l e  c l u s t e r  and s e p a ra t e d  i n t o  an a e ro g e n ic  and an ae ro g e n ic  
biovars.  On the bas is  of  t h e i r  study Lee .et a l . ,  proposed the  name V. 
f l u v i a l i s  sp. nov. (synonyms group F; EF6 and group I I I ) .
I .2.2.5.2.  V ib r io  v u l n i f i c a  (syn. Beneckea v u ln i f i c a )
In the 11 years period from 1964 38 s t r a in s  of  l a c to se  fermenting 
ha lo p h i l ic  v ib r io s  were submitted to  the Centre for  Disease Control 
f o r  i d e n t i f i c a t i o n  from 15 s t a t e s  in  th e  United  S t a t e s  ( H o l l i s  e£ 
al. ,1976).  These s t r a i n s  were s im i la r  to  both V*. parahaemolvticus and 
V. a l g i n o l v t i c u s  bu t  c e r t a i n  c h a r a c t e r i s t i c s  d i s t i n q u i s h e d  them : 
l a c t o s e  f e r m e n t a t i o n ;  p ro d u c t io n  of  B -D - g a la c to s id a s e  and a low er  
sodium chlor ide to lerance.  Baumann e t  a l . , (1973) i n i t i a l l y  designated 
th e s e  s t r a i n s  C-2 b u t  l a t e r  proposed th e  name Bg_ v u l n i f i c a  sp nov. 
( R e i c h e l t  .et .al . ,  1976). These o rgan ism s  appear  to  be c l i n i c a l l y  
important. Of 38 cu l tu res ,  20 (53%) were i so la ted  from blood; two of 
th e s e  were a l s o  i s o l a t e d  from s p i n a l  f l u i d ;  f i v e  p a t i e n t s  had f a t a l  
fu lminat ive  septicemias and the remaining cu l tu re s  were i s o l a t e d  from
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l o c a l i s e d  i n f e c t i o n s  of  th e  e x t r e m i t i e s .  None were i s o l a t e d  from 
i n t e s t i n a l  sources. These s t r a in s  appear to  be in frequent ly  i so la te d  
in d iagnost ic  labo ra to r ie s .  This may r e f l e c t  t h e i r  rn is iden t i f ica t ion  
as they are read i ly  i so la ted  from blood cu l tu res ,  ferment  l a c to se  and 
possess an an t im icrob ia l  spectrum s im i la r  to E. c o l i . These organisms 
could eas i ly  be m is id en t i f ied  as a coliform organism unless  t e s ted  for  
ox idase  a c t iv i ty .
1,3.1. H is to r ica l  development of the genus Aeromonas
Kluyver and van N ie l  (1936) c r e a t e d  the  genus Aeromonas f o r  rod 
sh ap ed  b a c t e r i a  p o s s e s s i n g  t h e  g e n e r a l  p r o p e r t i e s  o f  t h e  
Enterobacter iaceae but d i f f e r in g  in being moti le  by a polar  f lagellum. 
Many ta x o n o m is t s  accep ted  th e  v a lu e  and need f o r  Aeromonas g. nov. 
( S t a n i e r ,  1943; M iles  and M iles ,  1951) b u t  t h e r e  were s t i l l  some 
b a c t e r i o l o g i s t s  who con t inued  t o  c l a s s i f y  aeromonads in  t h e  genus 
Pseudomonas d e s p i t e  t h e i r  f e r m e n t a t i v e  a b i l i t y  (Scherago,  1936 and 
Crawford, 1954). Much of  t h i s  g e n e r i c  con fu s io n  was r e s o lv e d  by 
Snieszko (1957) who adopted  the  nom enc la tu re  proposed e a r l i e r  by 
Kluyver and van Niel (1936), in the 7th ed i t ion  of Bergey’s Manual of 
Determinative Bacteriology. Snieszko (1957) recognised four species  : 
A. l i c u e fa c ie n s : A. hvdrophila : A. punctata and A salmonicida and a lso  
noted t h a t  a t  l e a s t  tw e lv e  a d d i t i o n a l  s p e c i e s  which appeared  to  be 
id e n t ic a l  with or c lose ly  re la ted  to  the four species  recognised had 
been reported in the l i t e r a t u r e .  Thus w h i l s t  e s ta b l i sh ing  a generic 
s t a t u s  f o r  Aeromonas Snieszko r e a l i s e d  " tha t  a monographic study of 
th e se  b a c t e r i a  was needed", co n seq u en t ly  he made no a t t e m p t  t o  
determine which sp ec i f ic  ep i the t ( s )  had p r io r i t y .
Many taxonomic s t u d i e s  d e a l in g  w i th  the  s p é c i a t i o n  of the  genus 
Aeromonas subsequently followed. Whilst  there  was no serious  d ispute  
about  th e  r e q u i r e m e n t  f o r  the  c r e a t i o n  o f  Aeromonas t h e r e  was 
c o n s id e r a b l e  c o n t ro v e rs y  over s p e c i e s  nomenclature. Pr im ari ly  t h i s  
was because the type species  (A l i cu e fa c ie n s ) proposed by Kluyver and 
van Niel  (1936) proved to  be u n re c o g n i sa b le .  Consequent ly  th e  
E d i to r ia l  Secretary for  the Ju d ic ia l  Commission of the In te rn a t io n a l  
Committee on Systematic Bacteriology (1973) s u b s t i tu te d  A^
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as  th e  type s p e c ie s .  W h i l s t  t h e r e  was no s e r i o u s  d i s p u t e  about  the  
e x i s t e n c e  of  t h i s  organism t h e r e  was c o n s id e r a b l e  d eba te  over  i t s  
nomenclature.
Eddy (I960) a f t e r  conducting a com prehensive rev iew  of  th e  genus 
Aeromonas and a comparative study of  54 b ac te r i a l  s t r a i n s  resembling 
aeromonads concluded t h a t  th e  genus com prised 3 s p e c i e s  : A. 
l i c u e f a c i e n s : A. form icans and A^ . s a lm o n ic id a . A f te r  an e q u a l l y  
com prehensive s tudy Ewing e£ a l . , (1961)  concluded t h a t  th e  m o tile  
aeromonads should be included in a s ingle  species  A^  hvdrophila (syn. 
A. l i c u e f a c i e n s  and A. p u n c t a t a ) o f  which t h e r e  were two b io ty p e s  : 
h v d ro p h i la  and fo rm ic a n s . Non m o t i l e  aeromonad s t r a i n s  were 
designated A^  salmonicida. In 1962 Eddy reaff irmed t h a t  A^  formicans 
merited species  rank but on the basis of p r io r i t y  he considered t h a t  
A. fo rm ican s  should  be named A  ^ c a v i a e . In a d d i t i o n  Eddy a l s o  
concluded th a t  the s p e c i f i c  e p i th e t  punctata had c lea r  priority  over 
both l icue fac iens  and hvdrophila. P a t r i c i a  Carpenter subjected Eddy’s 
data (Eddy, I960; 1962) to  a numerical ana lys is  and concluded th a t  A. 
fo rm ic an s  s t r a i n s  d id  no t  m e r i t  s p e c i e s  rank (Eddy and C a rp e n te r ,  
1964). The s u g g e s t io n  t h a t  A. form icans be renamed A. c a v i a e  was 
withdrawn because apparently th e  s i n g l e  c a v ia e  s t r a i n  was n o t  
s u f f ic e n t ly  related  phenet ica l ly  to  formicans strains.
In 1963 Smith proposed ye t  another rev is ion  of the genus Aeromonas. 
Smith (1963) compared 48 non m o t i l e  A. s a lm o n ic id a  i s o l a t e s  and 42 
m o t i l e  aeromonads and concluded t h a t  A^ . s a lm o n ic id a  should  be 
t rans fe r red  to  a new genus Necromonas as j t .  salmonicida. In add i t ion  
Smith p laced  s i x  non pigmented s a lm o n ic id a - l i k e  s t r a i n s  in  a new 
s p e c i e s  Jk achromogenes, S u r p r i s i n g l y  Eddy (I960) r e s i s t e d  th e  
t e m p t a t i o n  to  a s c r i b e  s a lm o n ic id a  s t r a i n s  t o  a new genus. W h i l s t  
recognising t h a t  salmonicida s t r a i n s  lacked polar  f l a g e l l a  and were 
u nab le  t o  produce 2, 3 - b u ta n e d i o l ,  t h e  two main c h a r a c t e r s  which 
j u s t i f i e d  Kluyver & van Nie l  (1936) to  c r e a t e  the  genus Aeromonas. 
Eddy (I960) agreed w i th  P ivn ick  & Sabina (1957) t h a t  t o  in c lu d e  
salmonicida s t r a i n s  in the genus Aeromonas was a necessary expediency. 
Consequently Eddy (I960) revised the  genus descr ip t ion  to  incorporate  
the salmonicida s t r a in s .
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1.3.2 Current s ta tu s  of the genus Aeromonas
Schuber t  (1967a, and b; 1968) in  an a t t e m p t  t o  r e s o l v e  th e  
n o m e n c la tu r a l  co n fus ion  w i t h i n  the  genus Aeromonas proposed a new 
c l a s s i f i c a t i o n  scheme. Schubert separated aeromonads on t h e i r  a b i l i t y  
to  produce gas from g lu c o se  and 2,3 b u t a n e d io l  dehydrogenase .  A 
summary of Schubert’s i d e n t i f i c a t i o n  schemes for  moti le  aeromonads i s  
i l l u s t r a t e d  in Fig 2. Since non moti le  sa lmonicida- l ike  organisms are 
of l im i te d  medical importance they purposely have been excluded from 
Fig 2. N e v e r th e le s s  s a lm o n ic id a  s t r a i n s  a re  s t i l l  i n c lu d ed  in  th e  
genus Aeromonas and separated in to  3 biotypes. Schubert endorsed h i s  
c l a s s i f i c a t i o n  scheme f o r  Aeromonas in  the  8 th  e d i t i o n  o f  Bergey’s 
Manual for  Determinative Bacteriology (Schubert, 1974).
According t o  Schuber t  (1974), m o t i l e  aeromonads com pr ise  two 
s p e c i e s  : A. p u n c ta ta  and A. h v d r o p h i l a . Each s p e c i e s  i s  f u r t h e r  
d i f f e r e n t i a t e d  i n t o  su b sp e c ie s  : A. p u n c ta ta  : subsp .  p u n c t a t a  and 
su b s p .  c a v i a e  and A^ h v d r o p h i l a  : s u b s p .  h v d r o p h i l a : s u b s p .  
anaerogenes and subsp. p ro te o lv t ica . Schubert (1974) d i f f e r e n t i a t e s  A. 
punctata from A&. hvdrophila p r im ar i ly  on the a b i l i t y  of the former to 
produce 2, 3 butanediol dehydrogenase. The fa l la c y  of separa t ing  two 
b a c te r i a l  species  on a s ing le  t e s t ,  2,3 butanediol dehydrogenase was 
soon r e a l i s e d .  Whereas Z a j c - S a t l e r  (1972) i d e n t i f i e d  Aeromonas 
s t r a i n s  from c l i n i c a l  so u rces  acco rd in g  t o  S c h u b e r t ’s scheme many 
m ed ica l  workers  have f a i l e d  (G i f fo rd  .et  a l . , 1 972 and Ketover  e t  a l . .  
(1973). In f a c t  most m edica l  b a c t e r i o l o g i s t s  use A. h v d r o p h i l a  t o  
represent  both A^  hvdrophila and A^  punctata : a suggestion proposed 
by Ewing e t  a l . .(  1961 ).
The Schubert c l a s s i f i c a t i o n  scheme i s  there fo re  u n sa t i s fa c to ry  due 
to  the  d i f f i c u l t y  w i th  which f r e s h l y  i s o l a t e d  s t r a i n s  of  th e  
hvdrophila -  punctata complex are  id e n t i f i e d .  Popoff and Veron (1976) 
examined 203 charac te rs  fo r  16 named s t r a i n s  and 52 wild type s t r a i n s  
p o s se s s in g  th e  p r o p e r t i e s  of  th e  hvdrophila -puncta ta  complex. They 
f a i l e d  to  corroborate  Schubert’s c l a s s i f i c a t i o n  since they could not 
d i s t i n g u i s h  A^  h v d ro p h i l a  from A^. p u n c t a t a . S ince t h e  e p i t h e t  
h v d ro p h i la  has p r i o r i t y  over  p u n c ta t a  Popoff  and Veron combined
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S c h u b e r t ’s h v d r o p h i l a  -  p u n c t a t a  com plex  a s  k^_ h v d r o p h i l a .  
I n t e r e s t i n g l y  Popoff and Veron (1976) d id  s e p a r a t e  th e  h v d r o p h i l a  -  
p u n c t a t a  complex from an o th e r  phenon which they  d e s ig n a te d  as  a new 
sp e c ie s  A. s o b r i a  sp. nov.
Kleeberger (1977) s tudied 365 aeromonads i so la ted  from milk, water 
and minced meat and a lso  f a i l e d  to  support Schubert’s c l a s s i f i c a t io n .  
Remarkedly K le e b e rg e r ’s s tr a in s  grouped as  a s i n g l e  taxon,  which he 
ca l led  Ai. puncta ta , and was d i f f e r e n t i a t e d  in to  two biotypes. These 
biotypes were d is t inguished  by t h e i r  a b i l i t y  to  decarboxylate lys ine ,  
produce gas and a c e t y l  m e th y lc a r b in o l  from g lu co se  and a c i d i t y  in  
s o rb i to l .
Thus every taxonomic study on the genus Aeromonas has ind ica ted  a 
d i f f e r e n t  c o n c lu s io n  as  to  s p é c i a t i o n .  W h i l s t  i t  i s  g e n e r a l l y  
a ccep ted  t h a t  A^ . s a lm o n ic id a  i s  c l e a r l y  separab le from "o th e r  
aeromonads" the spéc ia t ion  of these "other aeromonads" i s  contentious.  
I t  may well  be t h a t  these "other aeromonads" are  members of a v a r i a b le  
s p e c i e s  and t h a t  e v o l u t i o n a r y  d iv e r g e n c e  h a s  n o t  p r o g r e s s e d  
s u f f i c i e n t ly  to  demarcate species.
1.4 C la s s i f i c a t io n  based on genetic  data
The c l a s s i f i c a t i o n  of  b a c t e r i a  s o l e l y  on pheno typ ic  p r o p e r t ie s  
r e l i e s  on a sm a l l  p e rce n tag e  of  th e  t o t a l  i n f o r m a t i o n a l  c o n t e n t  of  
DNA. The genome s i z e  of  many b a c t e r i a l  genera  r an g es  from 1-5 x 
IG ^da l tons  (Owen and H i l l ,  1979) rep resen tin g  2 x 10^ -  1 x 10^ 
n u c l e o t i d e  p a i r s  (Bachman .et a£., 1976). A c i s t r o n  i s  a segment of 
nucle ic  acid which i s  t ran s la ted  in to  a s p e c i f i c  polypeptide chain and 
c o n t a i n s  around 10^ n u c l e o t i d e s .  Many b a c t e r i o l o g i c a l  c h a r a c t e r s  
depend on 1-5 c i s t r o n s .  Thus in  a n u m e r ic a l  a n a l y s i s  in  which 200 
charac te rs  are  examined only about 10-20% of the genome i s  considered 
(DeLey jgb â i . ,  1966). Consequently  many b a c t e r i a l  p r o p e r t i e s  a re  
excluded. To overcome th i s  po ten t ia l  informational  lo ss  a molecular 
g e n e t ic a l approach i s  o f t e n  employed to  s u b s t a n t i a t e  p h e n e t i c  
taxonomy. The genet ic  approach depends upon the assumption t h a t  the 
t o t a l  g e n e t ic  p o t e n t i a l  of  an organism i s  rep resented  by th e  DNA.
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From t h i s  i t  i s  in fe r red  t h a t  polynucleotide sequences held in common 
between species  are ind ica t ive  of s im i la r  genes (McCarthy and Bolten,
1963).
D i f f e r e n t  b a c t e r i a l  genera  po s se s s  d i f f e r e n t  n u c l e i c  a c id  base 
co m p o s i t io n s  i .e .  th e  r e l a t i v e  p r o p o r t i o n  of  aden ine  and thymine to  
guanine  and c y t o s i n e  n u c l e o t i d e s  in  th e  DNA m olecu le  v a r i e s  among 
b a c t e r i a l  genera  (Lanni ,  1959). The % GC v a lu e s  found in  b a c t e r i a  
range from 25 -  75 (Owen and H i l l ,  1979). P h e n o ty p ic a l ly  s i m i l a r  
organisms possess s im i la r  DNA base compositions. A s im i l a r i t y  in base 
com p o s i t io n  however does n o t  n e c e s s a r i l y  imply a c l o s e  taxonomic 
r e l a t i o n s h i p .  DNA base  co m p o s i t io n s  should  only be used to  draw 
negative taxonomic conclusions (Hill ,  1976). Two s t r a i n s  which d i f f e r  
by 10 or  more %GC c o n te n t  have few DNA m o lecu le s  in  common (Sueoka, 
1961). In c o n t r a s t  two s t r a i n s  may have i d e n t i c a l  % GC c o n t e n t  and 
y e t  be p h e n e t i c a l l y  d i f f e r e n t  such as  th e  f o l l o w i n g  p a i r s :  V.
parahaemolvticus and Bacteroides nodosus (45% GC) and ]L f l u v i a l i s  and 
E. c o l i  (50 .9  % GC). N o t w i t h s t a n d i n g  t h e  l i m i t a t i o n  o f  % GC 
co m pos i t ion  i t s  v a lu e ,  when used w i th  p h e n e t i c  d a t a ,  i s  in  t h e  
d e l i n e a t i o n  of  b a c t e r i a l  genera  and s p e c i e s .  In g e n e r a l  s t r a i n s  
w i t h i n  th e  same s p e c i e s  d i f f e r  in  GC c o n te n t  by only 3-5%; s p e c i e s  
w i t h i n  w e l l  c h a r a c t e r i s e d  genera  d i f f e r  by l e s s  than 10% GC c o n te n t  
(Jones  & Sneath ,  1970).
Near id e n t i ty  of DNA base composition provides supporting evidence 
for  genet ic  re la tedness .  Further evidence of the genet ic  r e la tedness  
between b a c t e r i a  i s  o b ta in ed  by DNA hybr id isa t ion  techniques. When 
two DNA m olecu les  c o n t a i n  s e q u e n c e s  o f  n u c l e o t i d e s  t h a t  a r e  
complementary to  one another, under su i t ab le  condit ions,  the molecules 
combine to  form a double he l ix  (Wetmur, 1976). A given s trand of DNA 
reasso c ia te s  with another s trand from the same species  or a d i f f e r e n t  
species  only i f  the two s trands contain complementary base sequences. 
S ev e ra l  h y b r i d i s a t i o n  t e c h n iq u e s  a r e  a v a i l a b l e  to  q u a n t i t a t e  th e  
degree  of  r e a s s o c i a t i o n  between DNA m o lecu les  (Owen & H i l l ,  1979). 
Normally two s t r a i n s  which po s se s s  a s i m i l a r  GC c o n t e n t  (+ 3%) and 
extensive segments of nucleotide s i m i l a r i t y  (>70%) are included in the 
same s p e c i e s  (Brenner,  1973). S t r a i n s  which p o s se s s  a s i m i l a r  %GC
27
content  but only l im i ted  nucleotide s im i l a r i t y  are excluded from the 
same s p e c i e s .  T h e re  a r e  e x c e p t i o n s  t o  t h i s  g e n e r a l i s a t io n  
p a r t i c u l a r l y  among th e  s y s t e m a t i c s  of medically important bac te r ia .  
For i n s t a n c e  the  l e v e l  of  DNA-DNA b ind ing  between : c o l i  and
Shigel la  dvsente riae  (89%); Salm. tvohimurium and Salm. choleraesuis  
(91-94%) and N e isse r ia  gonorrhoea and IL m e n i n g i t i d i s  (80%); i s  
in d ica t iv e  of species  r e l a t io n sh ip  by t h i s  i s  untenable. Whilst  i t  i s  
p o s s i b l e  t o  make g u i d e l i n e s  f o r  th e  r e c o g n i t i o n  of  s p e c ie s  on the  
b a s i s  of  n u c l e o t i d e  s i m i l a r i t y  th e  d e l i n e a t i o n  of  genera i s  more 
d i f f i c u l t .  C i s t r o n s  which d i f f e r  by more than  20% in  n u c l e o t i d e  
sequences do not hybrid ise  (Crombach, 1978). A b a c te r i a l  chromosome 
c o n t a i n s  more than  1,000 c i s t r o n s .  The p e rcen tag e  DNA-DNA b in d in g  
among species  of the same genus i s  low (10-25%) because each species  
contains  many d i f f e r e n t  cistrons.
A large  d if ference  in %GC concentrat ion ind ica tes  a g re a t  overa l l  
d i f fe rence  in the DNA molecules.  Such DNA molecules hybrid ise  poorly 
although small region may be homologous and may represent genes t h a t  
evolved a t  much s low er  r a te s  t h a t  the  bulk  of  the  genome (McCarthy, 
1967). Relative to  other genet ic  sequences the ribosomal RNA (rRNA) 
c i s t ro n s  are  more highly conserved (Doi and Igarash i ,  1965). Generic 
r e la t io n s h ip s  among s p e c i e s  can th e re fo re  be determined by DNA-rRNA 
h y b r i d i s a t i o n s .  S i m i l a r i t i e s  in  th e  n u c l e o t i d e  sequences  o f  rRNA 
p reparat ions  between organisms normally considered d i s t a n t l y  r e l a t e d  
(Bendich & McCarthy, 1970) and among r e p r e s e n t a t i v e s  of  d i v e r s e  
b a c t e r i a l  groups  (Pace and Campbell,  1971) have been dem onstrated. 
Thus u s in g  rRNA h y b r i d i s a t i o n  t e c h n iq u e s  b a c t e r i a l  sp e c ie s  can be 
amalgamated in to  groups which r e f l e c t  broad taxonomic a f f i n i t i e s .
The app l ica t ion  of the molecular genet ica l  approach to  the taxonomy 
of the Vibrionaceae w il l  now be discussed.
1.4.1 A p p lic a t io n  o f  DNA t e c h n o l o g y  t o  t h e  taxonom y o f  t h e  
Vibrionaceae
1.4.1.1 The genus V ib r io
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Sebald and Veron (1963) were the f i r s t  in v es t ig a to r s  to  c l a r i f y  the 
s y s t e m a t i c s  of  v i b r i o s  u s in g  the  r e s u l t s  o f  DNA base co m p o s i t io n s .  
They s e p a r a t e d  40 V ib r io - l i k e  o rganisms i n t o  s ix  groups  : Group 1 
contained Gram negative, curved b ac te r ia  which were po la r ly  mot i le ,  
fermentat ive  and anaerogenic. The group was charac te r ised  by a % GC 
c o n te n t  range o f  44 to  50 and c o n ta in e d  th e  f o l l o w i n g  s p e c i e s  : V. 
c h o l e r a e : V. a n g u i l l a r u m : V. r n e t c h n l k o v i i . V. c o s t i c o l u s : V. 
su cc in o se n e s  and s e v e r a l  o th e r  V ib r io  s t r a i n s .  Group 2 c o n ta in e d  a 
s ing le  s t r a i n  (designated Vibrio 01, NC1B 8250) which possessed a %GC 
c o n te n t  o f  38 and was i d e n t i f i e d  as  M oraxel la  I w o f f i . Group 3 
contained the microaerophil ic  v ib r io s  which possessed a %GC content  of 
30 to  34 and which were assigned to  the genus Campylobacter. Group 4 
contained s t r a i n s  with a %GC content  of 60 and represented the genus 
Aeromonas. Group 5 contained the C27 organisms which possessed a GC 
c o n te n t  of  51; s u b se q u e n t ly  th e s e  o rgan ism s  were named P les iom onas  
s h i g e l l o i d e s  (Habs & S chuber t ,  1962). Group 6 c o n t a i n s  s t r a i n s  
p o s se s s in g  a %GC c o n te n t  of  64 and r e p r e s e n t e d  th e  genus Comamonas. 
Thus the heterogeneous assemblage of organisms examined by Sebald and 
Veron (1963) were s e p a ra t e d  i n t o  groups which cor responded  w i t h  
phenetic s im i la r i ty .
In th e  f i r s t  of  a s e r i e s  o f  papers  on th e  c l a s s i f i c a t i o n  o f  V. 
c h o le r a e  and r e l a t e d  s p e c i e s  C o lw e l l  e t  a £ . , (1968) l i s t e d  th e  %GC 
c o n te n t  of  V. c h o le r a e  (15); NCVs (4) and 2 marine  v i b r i o s .  The %GC 
range f o r  V. c h o le r a e  and th e  NCVs was 47-48 w h i l s t  the  two m ar ine  
v ib r io s  possessed a lower %GC content  (44-45). Colwell e t  al..(1Q68) 
concluded t h a t  " the  o v e r a l l  DNA base com pos i t ion  d a ta  p rov ided  
c o n f i r m a t i o n  of  th e  adansonian  a n a ly s e s  and p rov ided  ev idence  f o r  
including both marine and nonmarine species  within the genus Vibrio". 
The extent  of DMA homology of ] £  cholerae El Tor. V. parahaemolvticus 
and o t h e r  v i b r i o s  was r e p o r t e d  by Hanaoka et. a l , , ( 1 969). Using a 50% 
c r o s s  r e a c t i v i t y  l e v e l  Hanaoka e t  a £ . , (1969) d is t inguished  th ree  DMA 
homology groups : Group 1 included VA cholerae El Tor, and NCV s t r a i n s  
NCTC 4711 and NCTC 4716 ; Group 2 included ]£  parahaemolvticus and V. 
a l g i n o l v t i c u s  and Group 3 in c lu d ed  ] £  c o s t i c o l u s . V. a n g u i l l a ru m  
(synonyms Vj. ichthvodermis and ]£  piscium) and ]£  metchnikovii . A 56% 
r e l a t i v e  b i n d i n g  b e t w e e n  t h e  DNA o f  a l g i n o l v t i c u s  and ]L
parahaemolvticus: 20% r e l a t i v e  binding between a lg in o lv t icu s  and V. 
cholerae DNA and 25% r e l a t i v e  binding between parahaemolvticus and 
V. cholerae DNA was observed.
C i t a r e l l a  and C o lw el l  (1970) conf i rm ed  and expanded upon th e  
r e s u l t s  o b ta in e d  by Hanaoka e t  a£ . , (1 969). S t r a i n s  (30) o f  V. 
cholerae (20) and NCVs (10) formed a homogeneous phenetic c lu s t e r  and 
posses sed  h igh  l e v e l s  of  DNA r e l a t e d n e s s  (74 to  85% a t  75*^0), Only 
low leve ls  of re la tedness  was observed between V. parahaemolvticus and 
V. c h o le r a e  (17 -  23% a t  6 0 ^ 0 .  In  c o n t r a s t  t o  e a r l y  f i n d i n g s  
C i t a r e l l a  and Colwell (1970) reported l e s s  than 10% homology between 
V. parahaemolvticus and ]L_ a lg ino lv t icus .  The C i t a r e l l a  and Colwell 
V. a l g i n o l v t i c u s  s t r a i n s  posses sed  a %GC c o n te n t  of  39, much low er  
than the type s t r a i n  of  V*. a lg ino lv t icus  (ATCC 17749) which had a %GC 
c o n te n t  of  47. This  d i f f e r e n c e  in  GC c o n te n t  (8%) as  w e l l  as t h e  
d i f f e r e n c e s  in  t h e i r  r e l a t i v e  r e l a t e d n e s s  t o  p a ra h a e m o lv t i c u s  
i n d i c a t e s  t h a t  th e  s t r a i n s  used by C i t a r e l l a  and C o lw e l l  were 
misnamed. The DNA homology between ]L p a r a h a e m o lv t i c u s  and V. 
a lg ino lv t icus  and the r e la t io n sh ip s  of these s t r a i n s  to  other  marine 
v i b r i o s  was de te rm ined  by Anderson and Ordal (1972). These a u t h o r s  
subd iv ided  a c o l l e c t i o n  of  80 marine  s t r a i n s  i n t o  f i v e  g roups.  One 
group, consis ted of s t r a i n s  i so la te d  from cases of g a s t r o e n t e r i t i s  (V. 
parahaemolvticus) had DNA homologies of  90% or more. A second group 
consis ted of s t r a in s  of  a lg ino lv t icus  with DNA homologies of over 
80%. These two groups had average DNA homologies of 67% in d ica t ing  a 
high degree of genet ic  s i m i l a r i t y .  H y b r i d i s a t i o n  between th e  o th e r  
groups was l e s s  than  30% i n d i c a t i n g  they  were g e n e t i c a l l y  d i s t i n c t .  
I n t e r e s t i n g l y ,  Anderson and Ordal  (1972) found t h a t  on ly  3 o f  12 
s t r a i n s  i s o l a t e d  f r o m  m a r i n e  s o u r c e s  and d e s i g n a t e d  V. 
p a rah ae m o lv t ic u s  by Baross  and L i s to n  (1970), proved to  be V. 
p a ra h a em o lv t i c u s  by DNA-DNA homologies .  In add i t ion  V. piscium var 
iaponicus (NCMB 571) and V ichthvodermis (NCMB 407) showed 92 and 90% 
homology r e s p e c t i v e l y  to  ] £  a n g u i l l a ru m  i n d i c a t i n g  t h a t  t h e s e  3 
species  belonged to  a s ingle  species;  subsequently these s t r a i n s  were 
included in anguillarum (Hendrie, 1971).
The l i t e r a t u r e  up to  1973 on th e  DNA r e l a t i o n s h i p s  among V ib r io
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species  was reviewed by Staley and Colwell (1973). The r e s u l t s  of the 
s t u d i e s ,  a l r e a d y  d e s c r ib e d  in  g r e a t e r  d e t a i l ,  were summarised as  
follows:
( i )  The in tr a s p e c ie s  p o ly n u c leo tid e  sequence v a r i a t i o n  o f  V. 
c h o le r a e :  V. p a ra h a em o lv t i c u s  and a n g u i l l a ru m  ranged from 80 t o  
100% w hi ls t  the in te rspec ies  relatedness ranged from 20 to  30%.
( i i )  V. parahaemolvticus showed s i m i l a r  i n t r a s p e c i e s  v a r i a t i o n  
and in te rsp ec ie s  re la tedness  with ]L cholerae and anguillarum but
a c o n s i d e r a b l y  h i g h e r  (60 t o  70%) l e v e l  o f  r e l a t e d n e s s  t o  V. 
a lg in o lv t i c u s .
( i i i )  Very l i t t l e  or no p o ly n u c le o t id e  sequence r e l a t i o n s h i p  
occurred between members of the genus Vibrio and genera Pseudomonas. 
Aeromonas. Zvmomonas. Cvtophaga and Escherichia .
The appl ica t ion  of DNA techniques has been extensively  applied  to  
resolve the systematics  of marine v ib r io s  (Baumann and Baumann, 1977). 
On the bas is  of  %GC content marine v ib r io s  were assigned to  the genera 
Beneckea and Photobacterium (Reichelt  & Baumann, 1973). Much synonymy 
e x i s t s  between species  of the genera Beneckea and Vibr io; consequently 
where appropriate synonymous species  w i l l  be asssigned to  the genus 
Vibrio. Reichelt  e t  âi. j(1976) assigned s t r a i n s  representing species  
of the genus Beneckea (and Vibrio) to  one of two DNA homology groups. 
The r e l a t io n s h ip  among the two homology groups was below 30% and the 
r e s u l t s  o b ta in e d  w i th  sp e c ie s  p a i r s  a r e  summarised in  F ig .3. One 
group referred  t o  as  th e  B. harvevi DNA homology group c o n ta in e d  B. 
h a rv ev i. B. c a r n p b e l l i i : V. p a ra h a e m o lv t i c u s  V. a l g i n o l v t i c u s  and B. 
n a tr ie g e n s . H y b r id i s a t i o n  v a l u e s  o f  61-67% were noted  f o r  V. 
p a ra h a e m o lv t i c u s  and IL. a l g i n o l v t i c u s  co n f i rm in g  e a r l i e r  s t u d i e s  
(Hanaoka .et  a i . ,  1969; Anderson and Ordal ,  1972). The second DNA 
homology group c o n s i s t e d  of  Bg_,_ s p le n d id a  and B. p e l a g i a . Other  
species  of  Beneckea (B. n ig rapu lchr i tuda . B. neireida) exhib i ted  high 
in t ra sp ec ie s  homology but low in te rsp ec ie s  re la tedness .  Rieche lt  e t  
a i . , (1976) concluded t h a t  " the  r e s u l t s  o f  the  DNA c o m p e t i t i o n  
e x p e r i m e n t s  c l e a r l y  i n d i c a t e d  t h a t  V^ . p a r a h a e m o l v t i c u s . V.
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a lg in o lv t i c u s . B. harvevi . B. carnpbelli i  and ^  natr iegens  belonged to  
a s i n g l e  genus and t h a t  the  g e n e r i c  s e p a r a t i o n  of  th e  f i r s t  two 
species  from the th i rd  would not be ju s t i f i ed " .
The inclus ion  of  jL  proteus and metschnikovii as biotypes  with in  
the species  cholerae (Shewan and Veron, 1974) was not supported by 
th e  r e s u l t s  of  the  DMA h y b r i d i s a t i o n  e x p e r im e n ts  ( R e i c h e l t  ejt 
ajL.,1976). Using t h e  neotype s t r a i n  o f  V. c h o le r a e  (ATCC 14035) as  
th e  r e f e r e n c e  c u l t u r e ,  V. a l b e n s i s , V. p ro te u s  and V. m e t sc h n ik o v i i  
gave h y b r i d i s a t i o n  v a lu e s  o f  82, 22 and 12% r e s p e c t i v e l y .  The 
percentage hybr id isa t ion  between cholerae and a lbens is  suggested 
t h a t  these two organisms should be placed in to  the same species  while 
the low competit ions value between cholerae and V. proteus (and V. 
c h o le r a e  and V^ . m e t s c h n i k o v i i ) i n d i c a t e d  t h a t  these organisms could 
not be assigned biotype s ta tu s  within  a s ingle  species.  The suggested 
synonym iza t ion  of  V. c h o l e r a e  and V. a l b e n s i s  i s  c o n s i s t e n t  w i th  a 
p rev io u s  r e p o r t  on th e  i s o l a t i o n  o f  luminous  v i b r i o  s t r a i n s  from 
cholera p a t ien ts  (Jermoljewa, 1926).
The DMA homology of  6 l a c t o s e  p o s i t i v e  h a l o p h i l i c  v i b r i o s  (V. 
v u l n i f i c a ) to  a l g i n o l v t i c u s . V. p a ra h a e m o lv t i c u s  and c h o l e r a e  
was determined by Clark and S te ige rw a l t  (1977). The %GC content of V. 
v u l n i f i c a  was 50-53, too  h igh  f o r  the  genus V i b r io , N e v e r t h e l e s s  V. 
v u l n i f i c a  s t r a i n  A8694 e x h i b i t e d  25 to  46% r e l a t i v e  b in d in g  w i t h  V. 
a l g i n o l v t i c u s . 15 to  32% w i th  jA c h o l e r a e . and 41 to  48% w i t h  V. 
parahaemolvticus. This l eve l  of re la tedness  was cons is ten t  with t h a t  
of  d i f f e r e n t  s p e c i e s  w i t h i n  a genus. The degree  of  h y b r i d i s a t i o n  
between th e  s ix  V. v u l n i f i c a  s t r a i n s  was between 82 and 92% a t  75°C 
ind ica t ing  a l l  s t r a in s  belonged to  a s ingle  species.
The r e l a t i o n s h i p  b e tw e e n  s p e c i e s  o f  t h e  genera  Beneckea . 
Photobacterium. Vibrio and s e l e c t e d  t e r r e s t r i a l  e n t e r o b a c t e r i a  was 
de te rm ined  by a DMA-rRNA te ch n iq u e  (Baumann and Baumann, 1976).A 
summary of the DMA-r RM A h y b r id i s a t io n  s t u d i e s  u s ing  t h r e e  r e f e r e n c e  
s t r a i n s  of Beneckea and a s t r a in  of  Vj_ cholerae i s  presented in  F ig .4. 
The r e s u l t s  indicated  tha t :
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(i)  the r e l a t io n s h ip  between }L_ cholerae and species  of Beneckea 
(including parahaemolvticus and Vj. a lg ino lv t icus)  was s u f f i c i e n t l y  
low to  warrant separate generic s ta tu s .
( i i )  Is. cholerae was more related  to  species  o f  Beneckea than i t  
was to  oxidase po s i t iv e  and negative t e r r e s t r i a l  en terobacter ia .
The f i r s t  c o n c lu s io n  was based on th e  f a c t  t h a t  th e  i n t e r n a l  
r e l a t i o n s h i p  w i t h i n  Beneckea was > 86 w h i le  th e  r e l a t i o n s h i p  of  
Beneckea t o  V. c h o le r a e  in  rec ip ro ca l e x p e r im e n t s ,  ranged from 67 -  
74%. Spec ies  o f  P h o to b a c te r iu m , which a re  p h y s i o l o g i c a l l y  and 
s t r u c tu r a l ly  d is t ingu ishab le  from species of Beneckea. were r e l a t e d  to 
Beneckea a t  a leve l  s im i la r  to  t h a t  of cholerae (71-79%). Baumann 
and Baumann (1976) concluded t h a t  th e  r e t e n t i o n  of  s e p a r a t e  g e n e r i c  
rank f o r  c h o le r a e  and Beneckea was j u s t i f i e d .  The second 
conclusion was indicated by the higher r e l a t io n s h ip  of  cholerae to  
Beneckea (67 -  74%) than the r e l a t io n sh ip  of e i th e r  of these genera to  
the t e r r e s t r i a l  en terobacter ia  (45 -  61%).
The f i r s t  conclusion drawn by Baumann and Baumann (1976) should be 
trea ted  w i th  cau tion . By DMA h y b r i d i s a t i o n  V. ch o lerae  p o s se s se d  a 
p e rcen tag e  homology w ith  r e p r e s e n t a t i v e  of  th e  ^  h arvevi and B. 
s p le n d id a  DNA homology groups to o  low f o r  i n c l u s i o n .  S i m i l a r l y  B. 
nigraphulchri tuda and B. ne i re ida  a lso  shared a low degree of homology 
w i th  the  same Beneckea s p e c i e s .  However R e i c h e l t  e t  a l . . (1 9 7 6 )  d id  
not suggest the exclusion of ^  n igrapulchri tuda nor ne i re ida  from 
the  genus Beneckea. In  the  DNA-rRNA s t u d i e s  Baumann and Baumann 
( 1976) f a i l e d  t o  use B. n i g r a p u l c h r i t u d a  or B. n e i r e i d a  as  r e f e r e n c e  
DNA s t r a i n s .  Instead  3 s p e c i e s  (B. p e l a g i a , V. p a r a h a e m o lv t i c u s  and 
V. a l g i n o l v t i c u s ) h ig h ly  r e l a t e d  by DNA homology were chosen as  t h e  
r e f e r e n c e  s t r a i n s .  The i n c l u s i o n  o f  ^  n i g r a p u l c h r i t u d a  or  V. 
anguillarum as reference DNA s t r a i n s  may have reduced the  d i f fe rence  
b e tw e e n  t h e  DNA-rRNA hom ology  o f  jL. c h o l e r a e  and B e n e c k e a . 
F u r t h e r m o r e  by DNA homology b o t h  B. n i g r a p u l c h r i t u d a  and V. 
anguillarum  s h a a re  a h ig h e r  s i m i l a r i t y  t o  ch o lerae  (19 and 22% 
r e s p e c t i v e l y )  than  to  B. p e l a g i a  (13 and 15% r e s p e c t iv e ly ) .  U n t i l  
such DNA-rRNA hybr id isa t ion  s tud ies  are conducted the evidence for  the
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generic  separat ion of  Beneckea and Vibrio remains inconclusive.
Recen t ly  Baumann e t  M . ,  (1980) a f t e r  r e e v a l u a t i n g  th e  taxonomic 
re la t io n sh ip s  between the genera Vibr io . Beneckea and Photobacterium 
recommended the ab o l i t io n  of the genus Beneckea. Species previously 
in c lu d e d  in  the  genus Beneckea were r e a s s ig n e d  to  V ib r io  a long w i th  
two s p e c i e s  p r e v io u s ly  in P h o to b a c te r iu m , P. f i s c h e r i  and P. l o g e i . 
As d e f in ed  by Baumann e t  a l . .  ( I 98O) the  genus V ib r io  co n ta in e d  20 
s p e c i e s .  T hese  p r o p o s e d  c h a n g e s  made t h e  g en u s  much more  
he te ro g en eo u s  in  c h a r a c t e r  w i th  s t r a i n s  d i f f e r i n g  in  eco logy  and 
n u t r i t i o n a l  d iv e rs i ty .  The base composition of  the genus range from 
38 to  51 %GC. This taxonomical rev is ion  r e s u l t s  in no nomenclatural 
changes of the human pathogens. Whilst  the need to  combine the genera 
V ib r io  and Beneckea was c l e a r l y  advoca ted  on p h e n e t i c ,  g e n e t i c  and 
nomenclatural grounds i t  may be necessary in the fu tu re  to  subdivide 
the genus in to  one or more subgeneric groups.
1.4.1.2 The genus Aeromonas
In Bergey’s Manual, S chuber t  (1974) f a i l s  t o  g iv e  i n d i v i d u a l  %GC 
values for  species  within the genus Aeromonas although the genus was 
c h a r a c t e r i s e d  by a % GC c o n te n t  of  57 -  63. The a s s ig n m e n t  of  A. 
p r o t e o l v t i c u s  a s  a subsp.  o f  A^  h v d ro p h i la  by S chuber t  (1974) i s  
q u e s t i o n a b l e .  McCarthy (1975)  found  A^ h v d r o p h i l a  s u b s p .  
p r o t e o l v t i c u s  (NCMB 1326) t o  be p h e n e t i c a l l y  d i s s i m i l a r  from A. 
hvdrophila. In addi t ion  NCMB 1326 possessed a % GC (49.5) outs ide  the 
range  f o r  aeromonads (55-62%). In  a taxonomic  s tudy  on th e  A. 
hvdrophila -  ^  punctata group Popoff and Veron (1976) recognised only 
two species  of moti le  aeromonads : A. hvdrophila and sobria  sp nov., 
the former having two subgroups represented by centrotypes  designated 
XI (NCMB 86) and X2 (ATCC 15468), t h e  l a t t e r  r e p r e s e n t e d  by the  
centrotype designated Y. The % GC of f iv e  s t r a in s  of c la s s  X was 62.6 
-5- 0.4 w h i l s t  t h e  % GC o f  3 s t r a i n s  of  c l a s s  Y was 59.6  ^ 1.0. The 
d i f f e r e n c e  in  % GC c o n te n t  was s t a t i s t i c a l l y  s ig n i f i c a n t ly  (P>0.001) 
and provided s u p p o r t i v e  ev idence  f o r  the  e s t a b l i s h m e n t  of  s e p a r a t e  
sp e c ie s .  A. h v d ro p h i l a  subsp. p r o t e o l v t i c a  (NCMB 1326) c l u s t e r e d  in
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c lass  Y but as noted by Popoff and Veron (1976) t h i s  s t r a i n  d i f f e r re d  
from A., s o b r i a  in  i t s  sodium re q u i re m e n t  and i t s  % GC con ten t. As 
NCMB 1326 i s  the  only e x t a n t  s tr a in , Popoff  & Veron (1976) deferred  
making a proposal on i t s  taxonomic assignment. In con t ra s t  Baumann e t  
a l . ,  ( 1 9 7 1 ) a s s i g n e d  NCMB 1326 t o  t h e  g e n u s  Beneckea  a s  B. 
p r o te o lv t i c a .
The DMA homology among 24 s t r a i n s  of moti le  and 11 s t r a i n s  of non 
m o t i l e  aerom onads was d e t e r m i n e d  by M ac ln n es  e t  a l . , ( 1 9 7 9 ) .  
Percentage homology values of m otile aeromonads hybridised aga ins t  A. 
h v d ro p h i la  subsp. h v d ro p h i la  (NCMB 86) ranged between 31 and 100%. 
S imilar  percentage homologies were obtained when the mot i le  aeromonads 
were te s ted  aga ins t  A. salmonicida (31 to  80% homology). The homology 
of moti le  aeromonads with A  sobria was general ly  l e s s  than 50% with 
v a l u e s  ranging from 0 to  54%. The non m o t i l e  aeromonads ( A. 
salmonicida) s t r a i n s  showed a high percentage homology when hybrid ised 
aga ins t  A salmonicida reference s t r a in s  (95 -  100%). When hybridised 
aga ins t  A hvdrophila subsp. hvdrophila the non moti le  aeromonads gave 
homology values which ranged from 51 -  69. The percentage homology of 
the non moti le  aeromonads with the reference A sobria  s t r a i n  ranged 
from 20-35%. These r e s u l t s  i n d i c a t e d  t h a t  t h e r e  were on ly  two 
genotypically  leg i t im a te  groups within  the genus Aeromonas : a group 
of c lose ly  r e l a t e d  non moti le  aeromonads (A salmonicida) and a more 
d i v e r s e  group of  m o t i l e  aeromonads (A h v d r o p h i l a ). There was no 
ev idence  to  support the  sep aration  o f  A  h v d ro p h i l a  and A  s o b r i a  
(sensu Popoff and Veron, 1976) as gen e t ica l ly  d i s t i n c t  groups.
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2. C l in ica l  s ign i f icance  of se lected  v ib r io s
2.1 The assoc ia t ion  of non 01 A  cholerae (NCVs) with disease
In fec t ion  with NCVs can be separated in to  two broad ca tegor ies  on 
the bas is  of in fec t ion  s i t e .  Most commonly occurring in fe c t io n s  are  
g a s t r o i n t e s t i n a l  m a n i f e s t i n g  as  a d i a r r h o e a  w h i l s t  occas  i o n a l  non 
i n t e s t i n a l  in fec t ions  occur.
2.1.1 Diarrhoeal d i s e a s e
Since th e  t u rn  of  th e  p r e s e n t  c e n tu ry  NCVs have been a s s o c i a t e d  
w i th  d i a r r h o e a l  d i s e a s e  (Table  3). Many of  the  e a r l y  o u tb re a k s  a re  
d i f f i c u l t  to  i n t e r p r e t  because the NCV group was used as  a repos i to ry  
f o r  V i b r i o - l i k e  o rgan ism s  which f a i l e d  t o  a g g l u t i n a t e  in  serum 
sp ec i f ic  fo r  0 group 1 A  cholerae . Bac te r io logica l  t e s t s  were r a re ly  
used as  c r i t e r i a  f o r  adm iss ion  i n t o  th e  NCV group. Consequent ly ,  
pseudomonads, aeromonads and even coliforms were often assigned to  the 
NCV group. In addi t ion the ear ly  desc r ip t ions  of NCV in fe c t io n s  may 
have in c lu d ed  mixed i n f e c t i o n s  w i th  e n t e r o t o x i c  E. c o l i  and v i r a l  
d i a r r h o e a g e n ic  ag e n ts .  Even in  th e  l a s t  two decades  NCVs were s t i l l  
being recognised on inadequate c h a ra c te r i s t i c s .  For instance on the 
bas is  of g e la t in a se  a c t i v i t y  on t e l l u r i t e  t a u r o c h o l a t e  g e l a t i n  agar  
and in ag g lu t in a b i l i ty  in cholera d iagnost ic  serum McIntyre and Feeley 
(1965) t e n ta t iv e ly  id e n t i f i e d  82 NCVs. On c loser  study 13 of these 82 
NCV i s o l a t e s  were p laced  in  th e  genus Aeromonas. During th e  1966 
ep idem ic  of  c h o le r a  in  I r a q  49 i s o l a t e s  which were i n d o le  p o s i t i v e ,  
m o t i l e  and m an n i to l  p o s i t i v e  bu t  which were no t  a g g l u t i n a t e d  in  
p o ly v a l e n t  c h o le r a  serum were p r o v i s i o n a l l y  i d e n t i f i e d  as  NCVs (El 
Shawi & Thewaini, 1969). Further  biochemical t e s t in g  excluded 27 of 
th e s e  49 i s o l a t e s  from the  NCV group. F re q u e n t ly  th e  Heiberg ty p in g  
scheme was used to  fu r th e r  cha rac te r ise  NCVs. For instance,  between 
1967 and 1968, 47 NCVs were i s o l a t e d  from p a t i e n t s  a d m i t t e d  t o  a 
Calcutta hosp i ta l  with acute diarrhoea (Chatter iee e t  a l . ,  1970). Of 
these 47 i s o l a t e s  13 s t r a in s  belonged to  Heiberg group VII. However 
th e s e  Heiberg group VII v i b r i o s  should  have been i d e n t i f i e d  as  V. 
parahaernolvticus.
TABLE 3 P ub l ished
3%
r e p o r t s , o f  NCVs a s s o c i a t e d with  d i a r r h o e a l  d i s e a s e
YEAR PLAGE. • INVESTIGATORS COMMENTS
1891 Ery th re a Pasquale (1891 ) V. gindha was i s o l a t e d
1913 Ceylon G as te lT an i  (1916) V. k e g a l l e n s i s  was i s o l a t e d  
from th e  d i s e a s e  p a r a c h o l e r a e .
1915 Sudan Chalmers and 
W ater f ie ld '  (1916)
Organisms s i m i l a r  to  
V. gindha i s o l a t e d
1916 Egypt • Mackie & S t o r e r  
(T9T8)
V. p a r a c h lo r a e  was i s o l a t e d
1916 Egypt Mackie (T922) Organisms s i m i l a r  to  
V. gindha i s o l a t e d
1916-17 Ind ia Grieg (1916/1.7) . 9 d i f f e r e n t  groups o f  NCV 
were i s o l a t e d  from c h o l e r a  case
1936 Russel  (1936) 31 s e ro ty p e s  were r e c o g n i se d
1937 Ind ia Taylor  e t  al .(1937) 
Read (T9J7y
in  NCVs i s o l a t e d  from
1937 I n d i a . ' c h o l e r a ' c a s e s .
1943 Tongking Bruneau (1943) D ia r rh o e a l  c a s e s  s i m i l a r  
to  c l a s s i c a l  c h o l e r a
1947 Egypt Gohar e t  a T.,1952 NCVs were, i s o l a t e d  from 
c h o l e r a  c o n t a c t s
1954 Ind ia Yajnik  & Prasad 
(1954)
Outbreak among th e  p i l g r i m s  to  . 
Kumbh Mela.  P a t h o g e n i c i t y  was 
confirmed  by Gupta e t  al.^ 1956 
& Dutta  e t a% 1963)
1965 Bangladesh. MacIn ty re  e t  al.. 1965 D ia r rh o e a l  c a s e s  s i m i l a r  to  
c h o l e r a ;  p a t h o g e n i c i t y  
c o n f i r m e d .
1965 Czechoslovak ia Aldova e t  a l . , (1968) Food po ison ing  -
1968 Sudan Zinnaka (1971) Cholera l i k e  o u tb r e a k  among 
p i l g r im s  P a t h o g e n i c i t y  and 
e n t e r o t o x i n  dem ons t r a ted
P h i l i p p i n e s  & 
Ind ia
Ohashi £ t  a] , , (1972) Presence  o f  e n t e r o t o x i n  
conf irmed
1970 Tubingen Bader (1972) An imported case  from Ind ia
1971 M alays ia P u t t  e t  al.,1971 S h e l l f i s h  borne c h o l e r a  
o u tb re a k  NCVs a s s o c i a t e d
1972 L ou is iana DeGerome & Smith NCV i n f e c t i o n  a s s o c i a t e d  wi th  
s h e l l f i s h  consumpt ion .
1973 A i r c r a f t Dakin e t  al .,1974 Food po ison ing  o u tb r e a k  due 
to  NCV
1974 Russ ia Pokrovsky e t  a l . J 9 7 4 Food po iso n in g  due to  NCV
1976 B u lg a r i a ' Z a k a r i e r  e t  a l , J 9 7 6 Food p o ison ing  due to  NCV
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N o t w i t h s t a n d i n g  t h e  e a r l y  b a c t e r i o l o g i c a l  c o n f u s i o n  o v e r  
systematics  many NCVs were f r e q u e n t l y  a s s o c i a t e d  w i th  a d i a r r h o e a l  
d i s e a s e  r e sem b l in g  c h o le r a .  C a s t e l l a n i  (1916) in t ro d u c e d  th e  term 
paracholera to describe an acute  a t t ack  of co l ic  and diarrhoea, with 
or without r i c e  water motions, which resembled cholera in the severity  
of the symptoms but d i f f e r re d  therefrom in t h a t  i t s  causal organism 
was a V ib r io  d if f e r e n t  from V ib r io  c h o le r a e  Koch. An a e t i o l o g i c a l  
agent of paracholera was named by Cas te l lan i  (1916) as A  Kegallensis . 
Thus c h o le r a  was caused by A  ch o lerae  01 and paracholera by V. 
k e g a l l e n s i s . Although many NCVs were i s o l a t e d  from th e  f a e c e s  o f  
d i a r r h o e a l  p a t i e n t s  many more were i s o l a t e d  from a q u a t i c  s o u rc e s ;  
co n seq u en t ly  t h e r e  was a general r e l u c t a n c e  t o  a c c e p t  NCVs as 
d iarrhoeal  pathogens. Pr imari ly  t h i s  was because the assoc ia t ion  of 
NCVs w i th  d iarrh oea l s t o o l s  was i n t e r p r e t e d  as  a mere chance 
occurrence (Taylor, 1937).
The most im p o r t a n t  landmark in  t h e  r e c o g n i t i o n  of  NCVs as 
d iarrhoeal  pathogens occurred in  1954 when about 5 m i l l ion  p i lg r ims  
g a th e re d  t o  b a th e  in  t h e  r i v e r  Ganges du r ing  th e  Kumbh F a i r  a t  
Allahadad,  I n d ia .  During the  p e r io d  of  t h e  f a i r  330 p ilg r im s  
sufferred from a diarrhoeal  i l l n e s s  (Yajnik and Prasad, 1954). Of 144 
s t o o l  specim ens examined f o r  V. ch o lerae 53 NCVs of  Heiberg group V 
were i so la ted .  These NCVs produced f lu id  accumulation in the  l ig a te d  
r a b b i t  i l e a l  loop  model (Gupta ^  a l . . ,1956), The presence of  other  
en te r ic  pathogens or the incidence of vib rios in healthy pilgrim s was 
not recorded. NCVs were a lso  iso la ted  from water samples (14/85); of 
t h e s e  14 i s o l a t e s  3 were t e s t e d  in  th e  l i g a t e d  i l e a l  loop  assay and 
were found to  be inac t ive .  This was the f i r s t  demonstration of an NCV 
diarrhoeal d isease outbreak in  which the experimental pathogenic i ty  of 
the causat ive i s o l a t e  was shown to  d i f f e r  from the aquatic  NCVs.
In Bangladesh s im i la r  findings of NCV diarrhoea were reported  by 
McIntyre e i  a l . , (1965). The e x p e r im e n ta l  p a t h o g e n i c i t y  of  t h e s e  
c l i n i c a l  NCVs was a l s o  confirm ed. In a d d i t i o n  6 our of  16 p a i r e d  
acute and convalescent sera showed a s ig n i f i c a n t  r i s e  in  agglutinating  
an t ib o d y  t i t r e  a g a i n s t  th e  NCV i s o l a t e d .  Thus i n f e c t i o n  w i th  NCVs 
produced an immunological  r e sponse .  In  a p ro sp ectiv e  s tudy ,  a t  the
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Cholera  Research L a b o ra to ry ,  Dacca, Bangladesh ,  i n i t i a t e d  on March 
27th  1964 and continued u n t i l  June 11th, 1964 s tool  specimens from 33 
p a t i e n t s  w i th  d i a r r h o e a l  d i s e a s e  in  a s t a t e  of circulatory col lapse  
were examined f o r  e n t e r i c  pathogens  (Lindenbaum e t  a l . j l 965). On 
bac te r io log ica l  f indings  the p a t ien ts  were separated in to  3 group ( 1) 
ch olera  v i b r i o s ,  14 ca ses; (2) non c h o le r a  v i b r i o s ,  4 c a s e s ;  (3) no 
v ib r io s  or pathogens, 15 cases.  This study the re fore  showed t h a t  the 
syndrome in  which th e  passage  of  cop ious  q u a n t i t i e s  of  r ic e -w a te r  
s too l  which resu l ted  in extreme dehydration and c i r cu la to ry  col lapse  
was not sp ec i f i c  fo r  in fec t ion  with V cholerae 01.
A foodborne outbreak of  NCV diar rhoea occurred in  Czechoslovakia in 
1965 (Aldova ^  Az-.j 1968). The NCV belonged t o  Heiberg group I I .  
The i n c r im i n a t e d  food was f r e n c h  p o t a t o e s  which was se rved  t o  1 80 
person; 56 of which reported sick  and a fu r th e r  60 had diges t ive  tract  
d i f f i c u l t i e s  but  d id  no t  rep ort s ic k . The symptoms of  th e  d ise a se  
developed w i t h i n  10 hours  and included  vo m i t in g  (14 /56) ,  headache 
(6/56), fever (6/56) and diarrhoea (56/56). Six severe cases required 
h o s p i t a l i s a t i o n .  Waterborne outbreaks of  NCV d i a r r h o e a  have a l s o  
occurred. Between October and November 1968 more than 631 ca ses  o f  
NCV diarrhoea w i t h  138 d ea th s  occurred among p i l g r i m s  in  Sudan 
(Zinnaka, 1971). I n f e c t i o n  was a sso c ia te d  w i th  the  consum ption o f  
contam inated w e l l  w a te r .  S h e l l f i s h  have a l s o  been i n c r i m i n a t e d  as  
veh ic les  of NCV infec t ion .  During a s h e l l f i s h  borne cholera outbreak 
in  Malaysia  10 c a s e s  o f  NCV diarrhoea a l s o  occurred (Dutt  ejt a l ., 
1971). S im i la r ly  a case of diarrhoea attributed to  in fection  acquired 
from i n f e c t e d  seafood ,  w i th  an NCV of  Heiberg group I I  occurred in  
Louisiana, USA in 1972 (DeGerome & Smith, 1974). Foodborne outbreaks 
of NCV diarrhoea have a lso  occurred in Bulgaria (Zakariev et al ..1976) 
and Russ ia  (Pokrovsky e t  al.., 1974). In B u lg a r i a  meat  p ro d u c t s ,  
( sausages  and b o i l e d  v e a l  s tomach) s e c o n d a r i l y  co n ta m in a te d  in  a 
sausage f a c t o r y  by th e  use of NCV con tam in a ted  la k e  w a te r  was th e  
vehic le  of in fec t ion .  An outbreak of NCV food poisoning a lso  occurred 
on an i n t e r n a t i o n a l  a i r c r a f t  du r ing  a f l i g h t  from London t o  Sydney 
(Dakin e t  a l . .  1974). Chopped egg on asparagus was reported to  be the 
v e h i c l e  of  i n f e c t i o n .  The incu b ation  period ranged from 5.3 t o  37.5 
hours with an average of 11.5 hours. The c l i n i c a l  symptoms included
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nausea, vomiting, fever,  severe abdominal co l ic  and f requent  watery 
diarrhoea l a s t i n g  between 18 and 24 hours.
I n f e c t i o n  w i th  NCVs cannot  be considered  s o l e l y  as  a t r o p i c a l  
d isease as i t  now appears to  be important  in many developed countr ies .  
Over the period 1972-75, 28 p a t i e n t s  sufferred  an NCV in fection  in the 
USA (Hughes e_t A:.., 1978b). Most p a t i e n t s  (50%) s u f f  erred an a c u te  
NCV diar rhoeal  i l l n e s s  in which no other  pathogen was i so la te d  from 
t h e i r  faeces. The remaining patients had ex t ra  i n t e s t i n a l  in fec t ions .  
The patients with acute diarrhoea frequently had a h is to ry  of recent 
s h e l l f i s h  in g e s t io n  or f o r e i g n  t r a v e l.  In S cand inav ia  2 c a s e s  of  
d i a r r h o e a  due t o  NCVs occu r red  in  p a t i e n t s  who had no d i r e c t  or 
i n d i r e c t  con tact o u t s i d e  o f  Sweden (Back ^  _al., 1974). NCVs a r e  a l s o  
an important cause of t r a v e l l e r s  diarrhoea. Of 710 t o u r i s t s  re tu rn ing  
to  Sweden from Tunisia 19 (2.7%) had NCVs belonging to  f ive  d i f f e r e n t  
sero typ es in  t h e i r  f a e c e s .  Most of  th e  t o u r i s t s  had m i ld  diarrhoea  
(Back e t  a l . ,  1974). In B r i ta in  NCVs are  a lso  i so la ted  from p a t ien t s  
with d iarrhoeal  disease  but again a l l  these p a t ien t s  have a history of 
recent  fore ign t rave l .  The frequency of  NCV i so la t io n  from the faeces  
of  d i a r r h o e a l  p a t i e n t s  r e t u r n i n g  to  th e  UK from abroad  i s  g iven  in  
Table  4 ( t h i s  i n f o r m a t io n  was o b ta in e d  from Communicaable D isease  
Report No 7 of the 17th February 1978). Over the period 1973-1977 50 
cases of NCV diarrhoea were recognised and the NCVs i so la ted  f e l l  in to  
a number of serogroups. Similar ly  in Hungary of 200 patients with 
NCV diarrhoea only  2 were from p a t i e n t s  who had not  been on r e c e n t  
foreign travel (Szi ta .et M.,1979). Thus NCVs are  increasingly being 
recognised as important diarrhoeal pathogens esp ecia lly  among holiday 
makers returning from foreign t rave l .
2.1.2 Non i n t e s t i n a l  in fec t ions
In many instances NCVs have been associated with wound, systematic  
and middle ear in fec t ions .  Hughes e t  â i . , (1978b) reported on cases of  
n o n i n t e s t i n a l  i n f e c t i o n s ,  of  which 4 were f a t a l  in  p a t ie n ts  w i th  
underlying disease. A generalised  NCV i n f e c t i o n  where th e  organism  
was recovered from the blood and cerebrospinal f lu id  was reported  by 
Fearrington e t  a l . ,  (1974). Wound in fe c t io n s  following bathing in the
k z
TABLE 4 I s o l a t i o n  o f  V. c h o l e r a e  non 01 from th e  s t o o l s  of
. . ; ' - : — ' : — • 1 
d i a r r h o e a l  p a t i e n t s  r e t u r n i n g  to  t h e  U.K.  from abroad
YEAR COUNTRY OF ORIGIN NUMBERS OF CASES SERVOVARS
1973 P a k i s t a n  1 37
T u n i s i a  10 T2 ,13 ,15 ,T 6 ,21 ,24»29 ,37
Spain 1 2)9
1974 In d ia  1 NT
Malta 1 NT
P or tuga l  1 9
1975 Ind ia  1 : 34
Nepal 1 7
T ha i land  2 40
T u n i s i a  3 24,28
.1976 E t h io p ia  1 7
In d ia  5 7 ,1 6 ,1 9
N ig e r i a  1 7
P a k i s t a n  1 7
P e r s i a n  Gulf  1 13,29
Spain 1 2
T u n i s i a  : 2 24,37
1977 Bangladesh 1 NT
In d ia  1 NT
I s r a e l  1 40
Jordan  T 5
N ig e r ia  2 - 24
Saudi A rabia  T 14
S ingapore  3 29
T u n i s i a  . 4 6,39
Not known 2 6,7
Tota l  : 50
1 Adapted from th e  Communicable D isease  Repor t  No. 7 , 1 7 /2 /1 9 7 8
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Bal t ic  Sea was reported by Back e t  A . . , (1974). A systematic  in fec t ion  
w i th  a MCV p o s se s s in g  the  p o t e n t i a l  t o  invade  as  w e l l  as  produce an 
enterotoxin  was i so la te d  from the blood of a chi ld  with Kwashiorkor 
and f e v e r  (Robins-Browne e t  aJL.,1977). S i m i l a r l y  an NCV o f  Heiberg 
group I I  was i so la te d  from the blood and skin le s io n  of a p a t i en t  with 
fever  and c e l l u l i t i s  of the leg  (Goei and Karthigasu, 1978). Most of 
these in fection s followed exposure to  warm brackish water and in many 
instances  skin abrasions  were the primary s i t e  of in fec t ion .
2.2 Diarrhoeal disease due to  A  oarahaemolvticus
The f i r s t  outbreak of d iar rhoeal  disease  due to  A  parahaernolvticus 
occurred in  Osaka, Japan in  1950 (F u j in o  e t  aj , . ,1951 ). S ince  1950 
numerous outbreaks of  food poisoning due to  VL parahaemolvticus have 
occurred; between 1963 and 1974 i t  was responsible for  about 50 to 70% 
of  a l l  c a se s  of  b a c t e r i a l  food p o iso n in g  which occurred in  Japan 
(Miwatani  & Takeda, 1976). Sea products were the  main v e h i c l e  of  
i n f e c t i o n .  Most i n f e c t i o n s  occurred in  the  summer (June t o  
September) when th e  number of  V. parahaernolvticus in  th e  sea  was a t  
i t s  highest.  C l in ica l  symptoms in c lu d ed  d i a r r h o e a ,  abdominal  pa in ,  
headache, vomiting and fever.  The s tool  i s  c h a r a c t e r i s t i c a l l y  red due 
to  th e  p resence  of  red blood c e l l s .  The abdominal  cramps and the  
b lood y  s t o o l  o c c a s s i o n a l l y  r e s u l t  i n  A  p a r a h a e m o lv t ic u s  
g a s tr o e n te r i t is  being m isd iagnosed  as  s h i g e l l o s i s .  In  1967 o f  957 
p a t ie n ts  diagnosed  as  having s h i g e l l o s i s  A  parahaem olvticus was 
i so la ted  from 108 p a t ien t s  (Miwatani & Takeda, 1976).
For over two decades food poisoning due to  A  parahaemolvticus was 
only reported in Japan although the organism was i so la ted  in marine 
environments in Germany, the Netherlands, Hawai, Korea and South East 
Asia (Molenda .et al.y 1972). On August 14th 1971 an o u tb re ak  o f  food 
p o ison ing  occurred i n  Maryland, USA, where approxim ately 320 peop le  
suffered  from acute g a s t r o e n t e r i t i s .  Symptoms in c lu d ed  diarrhoea, 
abdominal  cramps, nausea ,  vom i t ing ,  headache, fever and c h i l l .  V. 
parahaemolvticus was recovered from the s to o ls  of p a t ie n t s  and food 
samples  (s teamed c r a b s ;  Dadisman e t  1973). This  was t h e  f i r s t  
confirmed outbreak of food poisoning, in which A  parahaemolvticus was
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i s o l a t e d  from both  p a t i e n t s  and t h e  i n c r i m i n a t e d  food, o u t s i d e  of  
Japan.  However between 1969 and 1972 t h e r e  were 13 unconf irmed o u tb re a k s  ( 
g a s t r o e n t e r i t i s  a t t r i b u t e d  t o  V. p a ra h a e m o lv t i c u s  r e p o r t e d  in  th e  
United S t a t e s  ( B a r k e r ,  1974) .
The f i r s t  outbreak of  A  Parahaernolvticus food poisoning recognised 
in  B r i t a i n  was imported from Tha i land  in  February  1972. Twelve 
p a s se n g e r s  on a c h a r t e r  a i r f l i g h t  from Bangkok to  London developed 
acute g a s t r o e n t e r i t i s  a f t e r  the consumption of cooked white crabmeat.
C l i n i c a l  symptoms in c lu d e d  s e v e re  abdominal  pa in ,  diarrhoea and 
vomiting; 3 p a t i en t s  were hosp i ta l i sed ,  Kanagawa pos i t ive  s t r a i n s  of 
serotype 02/K3 were i so la ted  from p a t ie n t s  and from dressed crabmeat 
in dupl ica te  meals as well  as from raw crab meat, whole crabs and crab 
c laws  (P e f f e r s  e t  a l . , 1973).
In  I n d i a  many w o r k e r s  have  r e p o r te d  t h e  o c c u r r e n c e  o f  
g a s t r o e n t e r i t i s  due to  V. p a ra h a e m o lv t i c u s  a l th o u g h  freq u en tly  t h e  
epidemiology of these outbreaks was not  inves t iga ted  (Chatter jee  e t  
a l , 1970). Between 1969 and 1970 s t o o l  spec imens  from 3,433 I n d ia n  
p a t ien t s  with acute diarrhoea were examined (Sakazaki e t  al .,1971).  The 
most  f r e q u e n t l y  o c c u r r in g  pathogen was A  c h o le r a e  01 a l th o u g h  V. 
p a ra h a e m o lv t ic u s  was is o la te d  from 378 (11%) specimens.  These 
findings were confirmed fo r  other areas  within  India  (Chatterjee and 
Neogy, 1972). In some c ases  i t  was noted  t h a t  V. parahaem olvticus  
g a stro en ter itis  simulated cholera by producing a r i c e  water diarrhoea 
a s s o c i a t e d  w i th  dehydration, hypotension and a c i d o s i s  (Mazumder e t  
a l . .  1977). The f i r s t  reported JL parahaem olvticus i n f e c t i o n  in  
Bangladesh o ccu r red  in  March 1974 when e i g h t  men experienced  an 
i l l n e s s  characterised by severe abdominal cramps, nausea, vomiting and 
bloody diarrhoea (Hughes e t  a l . ,  1978a). The source of in fec t ion  was 
b e l i e v e  t o  be a f i s h  d i s h  a l th o u g h  food,  w a te r  and en v i ro n m e n ta l  
c u l t u r e s  from th e  i n c r i m i n a t e d  r e s t a u r a n t  were a l l  n e g a t i v e  f o r  V. 
parahaemolvticus.
G as t ro e n te r i t i s  due to  A. parahaemolvticus i n i t i a l l y  considered to  
be r e s t r i c t e d  to  Japan, now appears to  have a world wide d i s t r i b u t io n  
(Barrow, 1973). Like th e  NCVs V. parahaem olvticus i n c l u d e s  s t r a i n s
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which are enteropathogenic for  humans as well  as s t r a i n s  which appear 
to  be f ree l iv in g  aquatic organisms.
2.3 Diarrhoeal disease due to Aeromonas hvdrophila
Miles & Hainan (1937) were the f i r s t  to  i s o l a t e  A. hvdrophila from 
a human source. The so c a l l e d  P ro te u s  melanovogenes (syn. A. 
h v d r o p h i l a ) was recovered from th e  f a e c e s  of  a p a t i e n t  w i th  c h ro n ic  
c o l i t i s .  S ince s i m i l a r  organ isms  were i s o l a t e d  from eggs, e n g l i s h  
s o i l s  and manures i t s  presence i n  the  s t o o l  was not  considered  
c l i n i c a l l y  s ig n i f ic a n t .  A  hvdrophila has since been recovered from a 
wide v a r ie ty  of aquat ic  and te rr e str ia l environments and has long been 
regarded as a pathogen of  p o ï k i l o t h e r m i e  a n im a ls  (Wilson & M iles,
1964). An a c u te  f a t a l  sep ticaem ia  and m e t a s t a t i c  m y o s i t i s  was the  
f ir s t  recorded demonstration of the v iru lence of A. hvdrophila for  man 
(Hi l l  e t  Az., 1954). Since then aeromonads have been recovered from a 
variety of in fec t ions  involving most organ systems and have displayed 
e x t r e m e  v i r u l e n c e  i n  c o m p ro m ise d  h o s t s  (D av is  e t  a l . .1 978).  
G a s t r o e n t e r i t i s  a s s o c i a t e d  w i th  the  i s o l a t i o n  of  A  h v d ro p h i l a  i s  
f requently  reported  although their c l i n i c a l  sign ifican ce as diarrhoeal 
pathogens i s  tenuous. Although not generally regarded as p a r t  of the 
"normal"  human f lo r a  aeromonads have been i s o l a t e d  from s t o o l  
spec imens  from p a t i e n t s  w i th  c l i n i c a l  g a s t r o e n t e r i t i s  and from 
ind iv iduals  who are asymptomatic. The in te s t in a l c a r r i e r  s t a t e  in the 
apparently healthy human population var ies .  Rates from zero to  l e s s  
than 1% has been observed in  s e v e r a l  la rg e  s t u d i e s  (Meeks, 1963; 
Catsaras & Buttiaux, 1965: Schubert, 1966; Pearson e t  al.,1972). Some 
i n v e s t i g a t o r s  th ere fo re  c o n s id e r  A. hvdrophila a g a s tr o in te s t in a l  
tr a n s ie n t . However th e  number of  aeromonads in  t h e  fa e c e s  of  
asymptomat ic  c a r r i e r s  i s  low in  r e l a t i o n  t o  th e  t o t a l  a e r o b i c  
bacterial count w h i l s t  the  presence of the organism in large numbers 
in the faeces  i s  usually  associa ted with diarrhoea (von Graevenitz & 
Mensch, 1968).
The a s s o c i a t i o n  of  A. h v d ro p h i l a  w i th  severe g a stro en ter itis  was 
f i r s t  demonstrated by Martinez-Silva e t  A^.,(1961). A. hvdrophila was 
the predominant organism in the s tool  f lo r a  of patients with diarrhoea
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and was i s o l a t e d  in  pure c u l t u r e  in  a f a t a l  case  of  e n t e r i t i s  in  a 
newborn child.  S im ila r ly  Lautrop (I96I) reported the i so l a t i o n  of  A  
h v d ro p h i l a  from 8 p a t ie n t s  w ith  g a s t r o e n t e r i t i s  but t h e s e  p a t ie n ts  
were a l s o  s u f f e r i n g  from variou s  o th e r  d i s e a s e s  i n c lu d in g  T.B., 
p e r i t o n i t i s  and c h o l e l i t h i a s i s .  F u r th e r  ev idence  f o r  an e t i o l o g i c  
ro le  in  acute gastroenter itis  came in  1964 when Rosner (1964) i so la te d
A. hvdrophila from th e  watery bloody s t o o l s  o f  a p a t ie n t .  Over th e  
p a s t  decade or so A. hvdrophila has been in c r e a s in g ly  i s o l a t e d  from 
th e  s t o o l s  of  p a t i e n t s  w i th  g a s t r o in t e s t in a l  i l l n e s s  o f  o t h e r w i s e  
un exp la ined  cause (Davis et. a l . ,  1978). G a s tr o e n te r i t i s  due to  A. 
hvdrophila has been reported from : European countr ie s  (Pauckova and 
Fukalova, 1968; Helm and S t i l l e ,  1970); Africa (Samb e t  âi . ,1977 and 
Wadstrom e t  a 2 . , 1976) ;  E gyp t  (M o h ie ld in  e t  a l.,1966);  India  
(C hatterjee & Neogy, 1972; C h a t t e r j e e  e t  a l . ,  1976 and Sanval  e t  
â l . , 1972); Bangladesh (M cIn tyre  and F ee ley ,  1965) and North America 
(Gurwith e t  a l . ,1977) .
C l i n i c a l  f e a t u r e s  a s s o c i a t e d  w i th  i n t e s t i n a l  in f e c t io n s  w ith  A. 
hvdrophila have not been adequately defined. All p a t ie n t s  invar iab ly  
suffer from diarrhoea the duration of which var ies .  In some cases the 
diarrhoea i s  shor t  l ived  and s e l f  l im i t in g  in o thers  the diarrhoea i s  
s e v e re  and r e s u l t s  in  ex t rem e dehydration. The onset of  symptoms 
occurs 24 to  48 hours a f t e r  contact  with the organism. In fec t ion  has 
been a c q u i r e d  v ia  food (Helm & S t i l l e ,  1970) and surface  water  
previously contaminated with sewage (Fritsche .et a l . ,  1975). Clearly 
more c l i n i c a l  and e p i d e m io lo g ic a l  d a ta  i s  r e q u i r e d  and a wel 1 
c o n t r o l l e d  e p id e m o lo g ica l  s tudy  on th e  r o l e  o f  A  h v d ro p h i l a  in  
d i a r r h o e a l  d i s e a s e  would f u l f i l l  t h e s e  needs.  Improved s e l e c t i v e  
media f o r  the  d i r e c t  r e c o g n i t i o n  o f  A. h v d ro p h i l a  would f a c i l i t a t e  
such s t u d i e s .  U n t i l  such media a re  a v a i l a b l e  and th e  o x idase  t e s t  
more f requently  applied the s ign i f icance  of A  hvdrophila i n t e s t i n a l  
in fec t ion  w i l l  remain open to  debate.
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3. Laboratory c h a r a c t e r i s t i c s  of  Vibrio cholerae
3.1 Biochemical c h a r a c t e r i s t i c s  of A  cholerae
The b io ch em ica l  c h a r a c t e r i s t i c s  o f  A  c h o l e r a e . 01 and non 01 
s e ro v a r s ,  have been e x t e n s i v e l y  rev iewed  by P o l l i t z e r  (1959) and 
Gallut (1974). This d iscussion w i l l  there fore  r e s t r i c t  i t s e l f  to  the 
biochemical c h a r a c t e r i s t i c s  which have been found most useful  in the 
d i f f e r e n t i a t i o n  of  cholerae and NCVs.
3.1.1 Cholera red reac t ion
The cholera  red t e s t  or n i t roso- indole  t e s t  i s  of g rea t  h i s t o r i c a l  
s i g n i f i c a n c e  s in c e  i t  was though t  to  be d i a g n o s t i c  f o r  V. c h o l e r a e . 
The t e s t  was recommended by Poehl (1886) and was considered s p e c i f i c  
f o r  V. ch o le r a e  by Koch. ' The t e s t  e n t a i l s  th e  a d d i t i o n  of  a sm a l l  
amount of concentrated su lphuric  or hydrochloric acid to  an overnight  
peptone w a te r  c u l t u r e  of  c h o le r a  v i b r i o s .  The development  of  a red  
co lo u r  was i n d i c a t i v e  of  a p o s i t i v e  c h o le r a  red  r e a c t i o n .  The 
reac t ion  was due to  the simultaneous presence of indole and n i t r i t e s  
two su b s ta n c e s  produced by c h o le r a  v i b r i o s  (Salkowski ,  1887). The 
c h o le r a  t e s t  i s  now of  l i m i t e d  im por tance  in  th e  i d e n t i f i c a t i o n  of  
cholera v ib r io s  since i t  i s  r e a l i s e d  t h a t  the t e s t  i s  g rea t ly  a f fec ted  
by the composition of the cu l tu re  medium and po s i t iv e  reac t io n s  are 
produced by a wide v a r ie ty  of bac te r ia  which produce indole  and reduce 
n i t r a t e s .
3.1.2. Fermentation reac t ions
A c l a s s i f i c a t i o n  scheme f o r  c h o l e r a - l i k e  v i b r i o s  on th e  b a s i s  o f  
sugar  f e r m e n t a t i o n  t e s t s  was proposed by Heiberg (1934). By u s in g  
su c ro se ,  mannose and a r a b in o s e  s ix  d i f f e r e n t  types  o f  f e r m e n t a t i o n  
p a t t e r n s  were d i s t i n g u i s h e d  (Table 5). Of 384 v i b r i o s  examined by 
Heiberg (1934) 287 fermented sucrose and mannose but not arabinose and 
were assigned to  Heiberg group I. Of the 287 Heiberg group I  v ib r io s  
only one was not agglut inated  in 0 group 1 of Gardner and Venkatrarnan 
(1935). The remaining 97 v ib r io s  were assigned to  Heiberg groups I I -
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IV and a p a r t  from one s t r a i n  a l l  were i n a g g l u t i n a b l e  in  0 group 1 
serum. Heiberg (1936b) t h e r e f o r e  concluded t h a t  any v i b r i o  no t  
f e rm e n t in g  acco rd in g  to  type I  has  no *0’ a n t ig e n  common to  th e  t r u e  
c l a s s i c a l  cholera v ib r ios .  These findings were confirmed bv Tavlor e t  
al.;(1936) who found t h a t  a l l  0 group I  v ib r io s  gave the r eac t ions  of 
Heiberg group I. However of  369 v ibrios inagglu t inable  in  0 group 1 
serum 80 (21.7%) a l s o  belonged t o  Heiberg group I .  The r em a in in g  
v ib r io s  were assigned to  Heiberg group I I  to  VII. ( I I  = 232; I I I  = 41; 
IV = 7; V = 8; VI = 0 and VII = 1). The r e co g n it io n  of  group VII 
v ib r io s  i s  a t t r i b u t e d  to Smith and Goodner (1965) but i t  would appear 
th a t  Taylor e t  al..(1Q36) c l e a r ly  recognised group VII v ib r io s ,  which 
ferment mannose and arabinose but not sucrose, three decades earlier .  
Taylor  .et al,., (1936) concluded t h a t  th e  Heiberg scheme l a ck ed  th e  
d i f f e r e n t i a l  v a lu e  of  se ro lo g y  s in c e  both  cholera v i b r i o s  and NCVs 
could be a s s ig n ed  t o  Heiberg group I .  N e v e r th e le s s  Heiberg t y p in g  
appeared of ep idemiological  v a lu e  s in c e  an o th e r w i s e  heterogeneous  
co l l ec t io n  of v ib r io s  could be subdivided in to  types.
Whilst  most 0 group I  A  cholerae ferments sucrose and mannose but 
not arabinose, and consequently are assigned to  Heiberg group I ,  a few 
exceptions have been noted. Hugh (1965a) examined 258 A  cholerae 01 
s t r a i n s  and noted th a t  26 s t r a i n s  (10%) fermented arabinose w h i l s t  one 
s t r a i n  f a i l e d  t o  ferment sucrose . Seven ou t  o f  119 s t r a i n s  o f  V. 
c h o le r a e  b io ty p e  El Tor were a l s o  noted  to  ferment a r a b i n o s e  in  
a d d i t i o n  to  su c ro s e  and mannose i e  Heiberg group I I I  (Hugh 1967). 
S im ila r ly  Sen .et al.,(1967) reported a case of cholera in which the 01 
agglut inable  cholera vibrio  belonged to  Heiberg group I I I  and Pesigan 
e t  a l . , (1967)  a l s o  i s o l a t e d  4 Heiberg group I I I  v i b r i o s  which 
a g g l u t i n a t e d  in  0 group 1 serum. In 1969 Sen reported t h a t  o f  4 V. 
cholerae  01 2 belonged t o  Heiberg group V and one each to  Heiberg  
groups I I  and I I I .  F ive  A  c h o le r a e  01 s t r a i n s  i s o l a t e d  from 
environmental samples in Guam were found by Merson e t  a l . ,  (1977) to  
f e rm e n t  su c ro se  s lo w ly ,  a c i d i t y  being d e t e c t e d  only a f t e r  30 hours  
i n c u b a t io n .  A much w ider  v a r i a t i o n  in  t h e  Heiberg groups o f  V. 
c h o le r a e  01 was noted by Sanyal  e t  al..,( 1972b). Of 135 V. choleraeOI 
s t r a i n s  i s o l a t e d  du r ing  t h e  c h o le r a  season in  C a lc u t t a  in  March and 
A p r i l  1970 15 s t r a i n s  (11%) f e l l  i n t o  Heiberg groups other than  1.
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Three of  th e s e  15 s t r a i n s  were c l a s s i f i e d  in  group VII,  one s t r a i n  
belonged to  group V, two s t r a i n s  t o  group I I I  and 9 s t r a i n s  were 
grouped in to  Heiberg group I I .  I t  would th e r fo re  appear th a t  0 group 
1 Vs. cholerae are not exclusively  restr icted  to  Heiberg group 1.
I t  should be s t ressed  t h a t  the Heiberg fermenta t ion pa t te rns  can be 
applied to  organisms other than A  cholerae 01 and nonOI serovars. In 
th e  p a s t  th e  NCV group was used as a r e p o s i t o r y  f o r  organ isms  which 
f a i l e d  to  agg lu t ina te  in A  cholerae 01 serum and fu r th e r  separation 
o f  th e s e  ’so c a l l e d  NCVs’ was ach ieved  by Heiberg typing. The e x t e n t  
to  which organisms other than NCVs were being c l a s s i f i e d  by Heiberg 
typing was recen t ly  i l l u s t r a t e d  by Chat te r jee  (1974). A co l lec t io n  of 
416 s t r a in s ,  which were oxidase pos i t ive ,  fermentative,  anaerogenic. 
Gram negat ive moti le  rods which were not agglut inated  in cholera 01 
serum, were charac ter ised  by Heiberg typing and further i d e n t i f i c a t i o n  
t e s t s .  Of the 416 cho le ra - l ike  s t r a i n s  132 were i d e n t i f i e d  as NCVs; 
60 as  Aeromonas: 12 as  PI. s h i g e l l o i d e s : 131 as V. p a r a h a e m o l v t i c u s : 
43 as V. a l g i n o l v t i c u s  and 28 as h a l o p h i l i c  b io ty p e s .  The NCVs were 
r e s t r ic t e d  t o  Heiberg group I  (62.3%); I I  (25.3%) and V (13.8%); the  
aeromonads were d i s t r i b u t e d  in  Heiberg group I  (18.6%); I I I  (32.3%);
IV (1,6%) and V (49.1%). All  the  P les iomonas  s tr a in s  f e l l  i n t o  
Heiberg group IV, A  parahaemolvticus s t r a i n s  f e l l  in to  Heiberg group
V (6%), VII (92.8%) and VIII (0.8%). Thus as a primary c l a s s i f i c a t i o n  
scheme Heiberg typing i s  of l im i ted  use but much valuable information 
can be obtained once i s o l a t e s  have been id en tif ied  by other c r i t e r i a .  
The d i s t r i b u t i o n  o f  various V ib r io  s p e c ie s  by Heiberg t y p in g  i s  
i l l u s t r a t e d  in Table 5.
Although l a c t o s e  f e r m e n t a t i o n  i s  no t  p a r t i c u l a r l y  u s e f u l  f o r  
differentia ting  v ib r io s , l a c to s e  fermenting jA cholerae can be ea s i ly  
m is taken  f o r  o th e r  organisms, Heiberg (1936a) no ted  t h a t  l a c t o s e  
fermentat ion did not occur u n t i l  the 4th to  12th day of incubat ion and 
was there fore  a t e s t  of l im i ted  d iagnost ic  value. Recently Sanyal .et 
â i . , ( 1 9 7 3 )  noted t h a t  57 of  131 IL. c h o le r a e  01 s t r a i n s  f e rm en ted  
l a c t o s e  a f te r  o v e r n ig h t  i n c u b a t io n .  Since most V, c h o le r a e  s t r a i n s  
a re  l a t e  l a c t o s e  ferm enters Sanyal e t  aJL,,(1973) s tr e s s e d  t h a t  to  
avoid misident i fy ing  these A  cholerae s t r a i n s  the oxidase and ly s in e
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decarboxylase t e s t s  should be rou t ine ly  done on suspect cholera v ib r io  
colonies.
3.1.3 S t r in g  t e s t
Smith ( 1958) no ted  t h a t  heavy s u sp e n s io n s  o f  V. c h o le r a e  c e l l s  
exposed to  0.24% sodium desoxycholate form a viscous m a te r ia l  which 
can be detected by the appearance of ’s t r i n g  formation’ when a loop i s  
slowly withdrawn from a preparation. Cells  of other species  of  Vibrio 
as  w e l l  as  o th e r  e n t e r i c  o rgan ism s  f a i l e d  t o  y i e l d  any v i s c o u s  
m a t e r i a l  when exposed to  d eso x y ch o la te .  Consequently  " s t r i n g  
formation" was proposed as a simple diagnost ic  t e s t  for  A  cholerae. 
However Smith (1970) noted th a t  the s t r in g  t e s t  was not s p e c i f i c  fo r  
V. ch olerae  s in c e  NCVs as  w e l l  as V. c h o l e r a e  01 s t r a i n s  were s t r i n g  
t e s t  p o s i t i v e  b u t  V. p a ra h a e m o lv t i c u s  was s t r i n g  t e s t  n e g a t iv e .  A 
f u r t h e r  e v a l u a t i o n  of  th e  s t r i n g  t e s t  was made by Neogy & Mukherj i  
( 1970). By the s t r i n g  t e s t  67 V. c h o le r a e  01 and nonOI s t r a i n s ,  23 
s t r a i n s  of  Aeromonas. 7 s t r a i n  o f  Comamonas and 1 s tr a in  of  
P les iomonas  were p o s i t i v e  when s t r a i n s  were grown in  phospha te  
containing media; most s t r a in s  were p os i t ive  when grown on n u t r i e n t  
agar .  Of 20 E. c o l i  s tr a in s  t e s t e d  4 s t r a i n s  gave p o s i t i v e  re a c t io n  
when grown on phosphate  agar  bu t  none on n u t r i e n t  agar .  Neogy & 
Mukherj i  (1970) considered t h a t  ’s l i m e ’ was r e s p o n s i b l e  f o r  the  
’s t r i n g i n e s s ’ in th e  s t r i n g  t e s t  whereas Smith (1958) had e a r l i e r  
sugges ted  t h a t  b a c t e r i a l  c e l l  l y s i s  was r esp o n s ib le .  Since s l im e  
p ro d u c t io n  in  A  cholerae 01 and non 01 s t r a i n s  (Neogy and Sanyal, 
1969) and some enterobacteriaceae (Anderson, 1961) was enhanced when 
s t r a i n s  were grown in  phosphate  c o n ta in in g  medium th e  v a lu e  of  th e  
s t r in g  t e s t  as  a screening procedure fo r  v ib r io s  would appear l im i ted .
3.1.4 Specif ic  chemical cons t i tuen ts
On th e  b a s i s  o f  o p t i c a l  a c t i v i t y  L in to n  (1940) d i s t i n g u i s h e d  two 
types of p ro te ins  in cholera and cholera - l i k e  v ib r io s  and three  types 
of polysaccharides and consequently divided v ib r io s  in to  s ix  groups. 
The v i b r i o s  b e l o n g i n g  t o  one p a r t i c u l a r  g ro u p  c o n t a i n e d  
p o ly s a c c h a r r id e  and p r o t e i n  o f  o n ly  one t y p e .  In  L i n t o n ’s
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c l a s s i f i c a t i o n  scheme the majori ty  of c l a s s i c a l  cholera s t r a i n s  were 
p laced  in  groups I  and I I ;  NCVs were p laced  in  group I I I ;  El Tor 
v ib r io s  in group IV and those of group V and VI contained s t r a i n s  from 
chronic c a r r i e r s  and certain rough s t r a in s .  Some NCVs were however 
p laced  in  group I .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  El Tor and 
c l a s s i c a l  cholera v i b r i o s  were separated i n t o  d i f f e r e n t  groups.  
However i t  was no t  p o ss ib le  to  d i s t i n g u i s h  between some c l a s s i c a l  
c h o le r a  s t r a i n s  and NCVs. Thus the  d i a g n o s t i c  v a lu e  o f  L i n t o n ’s 
c l a s s i f i c a t i o n  scheme was therefore l im i ted .
3.1.5. Haemolysis
The s i g n i f i c a n c e  of  th e  h a e m o ly t i c  properties of cholera v ib r io s  
r e l a t e s  to  i t s  use in d i f f e r e n t i a t i n g  the two biotypes of  cholerae 
01 .
3.1.6. V ib r io s ta t i c  agent 0129
S y n t h e t i c  p t e r i d i n e  compounds p o sse s s  marked a n t i b a c t e r i a l  
a c t i v i t y ;  Danie l  e t  a l . , ( 1 947), showed t h a t  the  growth of  b a c t e r i a ,  
which r e q u i r e  f o l i c  acid (L a c t o b a c i l l u s  c a s e i  and S t r e p to c o c c u s  
f a e c a l i s ) and th a t  of bacteria which synthesize  th e i r  own requirement  
of t h i s  vi tamin (L. arabinosus). was inh ib i ted .  Growth in h ib i t io n  was 
a r e s u l t  of the competition between the p te r id in e  and f o l i c  acid in a 
m e ta b o l i c  rea c t io n  e s s e n t i a l  f o r  b a c t e r i a l  growth .  The growth  of  E. 
c o l i  and S taphy lococcus  au reu s  was a l s o  i n h i b i t e d  by the  p t e r i d i n e  
compounds (Daniel & N o r r i s ,  1947). In an a t t e m p t  t o  develop  
v i b r i o s t a t i c  ( the  te rm v i b r i o s t a t i c  was used w i t h o u t  ex c lu d in g  the  
p o s s ib i l i t y  th a t  the compound a lso  possessed v ib r io c id a l  p roper t ies )  
compounds f o r  the  t r e a t m e n t  of  cholera C o l l i e r  e t  A^. , (1950) found 
t h a t  2,  4 diamino 6,7 d i i s o p r o p y l  p t e r i d i n e  (0129) p o s se s sed  th e  
greatest v i b r i o s t a t i c  a c t i v i t y  aga ins t  cholerae . The v i b r i o s t a t i c  
a c t i v i t y  of 0129 was not exclusive ly  r e s t r i c t e d  to  v ib r io s  as C o l l ie r  
^  &!.,(1957) showed t h a t  the  growth o f  Leuconostoc  c i t ro v o ru m  and 
Streptococcus f ae c a l i s  was a lso  inh ib i ted  by 0129.
The d i a g n o s t i c  v a lu e  o f  0129 f o r  v i b r i o s  was noted by Shew an e t
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a l . , (1954). On th e  b a s i s  o f  0129 s e n s i t i v i t y  t h e  genus V ib r io s  was 
d i f f e r e n t i a t e d  from the genus Pseudomonas: the former organisms were 
s e n s i t iv e  to 0129. Shewan e t  al.,(1960) incorporated 0129 s e n s i t i v i t y  
a s  a d i a g n o s t i c  f e a t u r e  i n  a d e t e r m i n a t i v e  schem e f o r  t h e  
i d e n t i f i c a t i o n  of  genera  w i t h i n  t h e  Pseudomonadaceae. In t h i s  
i n s t a n c e  0129 s e n s i t i v i t y  was u s e d  t o  s e p a r a t e  v i b r i o s  from  
aeromonads. Case l i tz  e t  al..,(196l) confirmed the d iagnost ic  value of 
0129 in  the d i f f e r e n t i a t i o n  of  v ib r io s  from aeromonads. On the bas is  
of a taxonomic study on Vibrio species  Davis and Park (1962) concluded 
t h a t  s u s c e p t i b i l i t y  t o  0129 appeared to  be of  p o s i t i v e  v a l u e  when 
p r e s e n t  bu t  of  no v a lu e  when ab sen t .  The s u s c e p t i b i l i t y  of  marine  
v ib r io s  e sp ec ia l ly  V. parahaemolvticus to  0129 was confirmed by Fujino 
e t  Az.,( 1965). The use of  0129 i s  t h e r e f o r e  of  g r e a t  v a lu e  in  
differen tia tin g  v ib r io s  from o th e r  gram n e g a t iv e  rods p a r t i c u l a r l y  
aeromonads.
Methods fo r  determining 0129 s e n s i t i v i t i e s  vary. In t h e i r  o r ig ina l  
paper  Shewan .et a i . , (  1954) used a s a t u r a t e d  aqueous s o l u t i o n  o f  0129 
contained in an assay cup. Davis & Park (1962) l a id  a few c r y s t a l s  of 
0129 on a n u t r i e n t  a g a r  lawn p l a t e .  C a s e l i t z  ^ â i . , ( 1 9 6 l )  mixed 
150mg of  0129 w i th  lOmls o f  an a l c o h o l  e t h e r  m ix tu re  and used t h i s  
s o l u t i o n  t o  impregnate f i l t e r  paper  d i s c s .  F u r n i s s  .et  a l . . 1 978 
recommended th e  use of  d is c s  c o n ta in in g  10 and 150 ug per  0.02 ml of  
0129; s p e c i a l i s e d  s e n s i t i v i t y  t e s t i n g  ag a r  was n o t  recommended 
"because the  low sodium chloride concentration gives poor growth of 
h a loph i l ic  v ib r io s  and because r e s u l t s  may be f a l s e ly  p o s i t iv e  with  
E n terobacteriaceae". Using t h e s e  d i s c s  two groups of  s e n s i t i v e  
v ib r io s  were detected : f u l ly  s en s i t iv e  v ib r io s  which showed zones of 
inh ib i t io n  around both d iscs  w h i l s t  p a r t i a l l y  s en s i t iv e  v ib r io s  only 
showed a zone of in h ib i t io n  around the higher concentrat ion d iscs .  V. 
ch o le r a e : NCVs; V. m e t s c h n i k o v i i , V. a n g u i l l a ru m  and V. p e la g ia  were 
characterised by being fu l l y  sen s i t iv e  to 0129. A  parahaemolvticus. 
V. a l g i n o l v t i c u s . V. f l u v i a l i s  were c h a r a c t e r i s e d  by be ing  only  
p a r t i a l l y  s e n s i t i v e  t o  0129 (Lee e t  aj^., 1978a). However th e  use o f  
0129 as an a id  in  d i s t i n g u i s h i n g  V ib r io  s p e c i e s  and V ib r io  from 
Pseudomonas and Aeromonas should be restr icted  to  media with  low s a l t  
content.  Merkel (1972) has shown t h a t  the inhibitory e f f e c t  of 0129
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toward marine v ib r io s  was abolished when s t r a i n s  were grown on media 
prepared with natura l  or synthet ic  seawater.
3.2 Serology of A  cholerae
Although se ro log ica l  methods w i l l  form a minor par t  of t h i s  study, 
t h e  s e r o l o g i c a l  c l a s s i f i c a t i o n  o f  A  c h o l e r a e  h a s  r e c e i v e d  
considerable a t ten t io n .  For t h i s  reason the taxonomic importance of 
various ant igens  on A  cholerae w i l l  be discussed.
By d e f i n i t i o n ,  cholera  v i b r i o s  a g g l u t i n a t e  in  c h o l e r a  v i b r i o  
a n t i  serum w h i l s t  v ib r io s  which f a i l  to  agg lu t ina te  in t h i s  serum are 
termed "n o n a g g lu t in a b le "  (NAG) or  ’Noncholera v i b r i o s  ’(NCV). NCVs 
a r e  r e a d i l y  a g g l u t i n a t e d  by homologous antiserum. In  1915, Grieg 
separated NCVs i so la te d  from water in to  s ix  serological groups (Grieg, 
1915-16). Some c r o s s  r e a c t io n s  were noted between NCVs and the  
cholera  v i b r i o s ;  t h i s  was a t t r i b u t e d  t o  th e  t h e r r n o la b i l e  H or 
f l a g e l l a  a n t ig e n  (B a l tean u ,  1926). Abdoosh (1932), conf i rm ed  and 
expanded B a l t e a n u ’s f i n d i n g s  and no ted  th e  p resence  of  bo th  ’H’ and 
’0’ a g g lu t in o g e n s ;  w h i l s t  th e  v i b r i o  group c o n ta in ed  se v e r a l  h e a t  
s t a b l e  a n t i g e n s  a l l  ch o leragen ic  v i b r i o s  posses sed  th e  same ’0’ 
antigen and shared t h e i r  ’H’ antigen with NCVs. To avoid H group cross  
r e a c t i v i t y ,  Shousha (1931) recommended t h a t  only agg lu t ina t ing  sera  
prepared a g a i n s t  h e a t  trea ted  s t r a i n s  should  be used in  cholera  
d ia g n o s is .  The im munologica l  r e la t io n s h ip s  among v i b r i o s  was a l s o  
determined by Gardner and Venkatrarnan (1935). They applied the term 
" ch o le ra  group" t o  v i b r i o s  p o s s e s s in g  th e  main ch aracters  o f  V. 
cholerae ( v i b r i o s  which produced a c i d i t y  bu t  no gas  in g lu c o s e ,  
mannitol, maltose and sucrose but not d u lc i to l ,  were cholera red t e s t  
p o s i t i v e  and p ossessed  a common H a n t ig e n ) .  S o le ly  on 0 a n t i g e n  
compositions the cholera group was divided in to  s ix  an t igen ic  types 
designated  0 groups I  t o  VI i n c l u s i v e .  Of 101 c h o le r a  l i k e  v i b r i o s  
s tu d i e d  86 s t r a i n s  f e l l  i n t o  serotyp es  I  t o  VI and 15 s tr a in s  were 
untypeable. All the cholera v ib r io s  and some El Tor v ib r io s  f e l l  in to  
0 group I ;  co n seq u en t ly  Gardner and Venkatrarnan 0 subgroup 1 was 
r e s t r ic t e d  to  cholera  v i b r i o s  and h a e m o ly t i c  El Tor v i b r i o s .  The 
remaining groups I I  t o  VI contained t h e  paracholera c h o le r a - l ik e
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v i b r i o s  and some El Tor v i b r i o s .  Gardner and Venkatrarnan (1935) 
t h e r e f o r e  conf i rm ed  Shousha’s e a r l i e r  c o n c lu s io n  t h a t  the  u su a l  
antisera for  the i d e n t i f i c a t i o n  of cholera vibrios were use less  since 
th e ir  H components a g g l u t i n a t e d  a wide range o f  v i b r i o s  having  no 
connection with the disease.
Under the auspices o f  the Office In te rn a t io n a l  d’Hygiene Publique, 
a n t i s e ra  prepared agains t  only the 0 group 1 antigens  of the Inaba and 
Ogawa types were used in  d i a g n o s t i c  work in  India (Gardner & White,  
1937). The 0 group 1 antiserum was found to  s p e c i f i c a l l y  agg lu t ina te  
th e  c a u s a t i v e  organism of c h o le r a  and d id  n o t  a g g l u t i n a t e  v ib r io s  
having a common H ant igen,  whose causal connection with cholera was 
d o u b t fu l  (Tay lo r ,  1937). The v i b r i o s  which did not p o sse s s  t h e  01 
a n t ig e n  showed a remarkable h e tero g en e ity ,  both s e r o lo g ic a l  and 
b io c h e m ica l ,  and Gardner and Venkatraraan’s o r i g i n a l  6 0 groups was 
extended.  In  one s tudy  o f  558 s t r a i n s  which were n o t  0 group I 
agglut inable  only 57 s t r a i n s  f e l l  in to  0 groups I I  to  VI; 254 s t r a i n s  
belonged to  31 newly defined sero log ica l  groups and the remaining 247 
s t r a i n s  possessed individual  0 antigen (Taylor .et al.., 1937). Similar 
r e s u l t s  were obtained in  Java where 32 v ib r io s  which agg lu t ina ted  in 
H-0 an t i  serum were separated in to  17 se ro log ica l  groups on the bas is  
of  th e  0 a n t ig e n  (Mertens and Mochtar,  1939). Taylor and h i s  
col leagues believed t h a t  there  was l i t t l e  evidence to  connect the non 
0 group 1 s t r a i n s  with cholera.  This was due to  t h e i r  heterogeneity ,  
bo th  s e r o l o g i c a l  and b io c h e m ic a l ,  and t h e i r  e x i s t e n c e  in  n a t u r e  in  
places where no cholera was occurring (Linton, 1940). The high degree 
of  serological d iversity  within NCVs cannot i t s e l f  be taken as proof 
of non pathogenicity as some serogroups may be more of ten  associated  
w i th  d i s e a s e  than o t h e r s .  In 1970, 39 d i f f e r e n t  serovars  of  th e  
cholera group were recognised (Sakazaki e t  slI.,1970); l a t e r  t h i s  was 
expanded to  60 serovars (Shiraada and Sakazaki, 1977) and a t  present 83 
serovars are cur ren t ly  recognised (Donovan, p e r so n a l  communicat ion) .  
The a s s o c i a t i o n  of  s p e c i f i c  sero typ es  w i th  d i s e a s e  has  n o t  been 
adequately s tud ied .
Many attem pts have been made to  s e p a r a t e  El Tor v i b r i o s  from th e  
c l a s s i c a l  cholera v ib r io  a l l  without success (Burrows, .et a l . ,  1946).
56
In 1923 Nobechi gave th e  f o l l o w i n g  a n t i g e n i c  f o lm u la e  f o r  3 
subtypes:
Inaba = AX; Ogawa = B(X) and Hikojiraa = A(B)X
however both c l a s s i c a l  and El Tor cholera vibrios were separated in to  
these subtypes. Nobechi’s findings were confirmed by numerous workers 
a l though  Kauffmann (1950) only r e c o g n i se d  two 0 forms of  th e  01 
a n t ig e n :  Inaba (AX) and Ogawa-Hikojima ( b r i e f l y  Ogawa; A(B)x). The 
d ifferen tia l  diagnosis between Inaba and Ogawa was obtained by the use 
of a B serum obtained by the absorption of a polyvalent  serum with an 
Inaba s t r a i n .
Although a s e r o l o g i c a l  c l a s s i f i c a t i o n  o f  c h o le r a  v i b r i o s  has  
general acceptance there remain two main areas  of contention. F i r s t l y  
t h e  methodology of  r a i s i n g  d i a g n o s t i c  a n t i s e ru m  and second ly  th e  
degree  of  cross  r e a c t i v i t y  of  th e  ’H’ antigen  among v a r i o u s  V ib r io  
species.  There ex i s t s  two separate NCV serotyping schemes. The f i r s t  
scheme introduced by Smith and Goodner (1965) uses l i v e  organisms as 
inocula for rab b i t s  and l i v e  organisms as agglutinogens in t e s t i n g  the 
s e ra .  The second method uses  c u l t u r e s  which have been b o i l e d  f o r  2 
hours as the antigen and rabbits usually  receive 25 or more in je c t io n s  
(Sakazaki  e t  a l . ,  1970). Each scheme has  i t s  own n o m en c la tu re ,  
a l th o u g h  in  g e n e ra l  t h e r e  i s  good concordance between t h e  two 
approaches. Since the use of  l iv in g  organisms in the t e s t i n g  of the 
s e ra  does no t  in d ic a te  whether ’0 ’ or ’H’ a n t i b o d i e s  a r e  be ing  
detected cross reac t ions  among s t r a i n s  of d i f f e r e n t  ’0’ groups which 
shared a common ’H’ antigen would be expected. However Smith (1974) 
found no evidence of an t igen ic  sharing among cholera and non cholera 
v ib r ios .  Furthermore Smith (1974) concluded t h a t  the proposal for  a 
c h o le r a  group of  v i b r i o s  based upon s h a r in g  of  an H a n t ig e n  between 
cholera and some non cholera v ib r io s  was untenable.
Sm ith’s (1974) f i n d i n g s  c o n t r a s t  w i th  most o th e r  w orkers .  The 
s e r o l o g i c a l  cross  r e a c t i o n s  between th e  H a n t i g e n s  o f  d i f f e r e n t  
serogroups of jA cholerae was ins trumental  in bringing about the use 
o f  s p e c i f i c  d i a g n o s t i c  01 a n t i se ru m  (Shousha, 1931). Since then i t
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has been r e p e a t e d l y  shown t h a t  th e  H a n t ig e n  i s  sha red  among 01 and 
non 01 s t r a in s .  In 1961 Ghosh and Mukerjee studied the  r e la t io n s h ip  
between 26 NCVs and 4 V. c h o le r a e  01 s t r a i n s  by ge l  d i f f u s i o n .  NCVs 
were shown to  possess s im i la r  heat  l a b i l e  an t igens which were somatic 
and p o s s i b l y  f l a g e l l a r  i n  o r i g i n  w i t h  t h o s e  o f  A  c h o l e r a e . 
S imilar ly ,  Sakazaki .et al.,(1970) examined 468 s t r a i n s  of the cholera 
group of vibrios and demonstrated t h a t  the H ant igen of the strains of 
a l l  0 groups  was i d e n t i c a l  w ith  t h a t  of  the  c h o l e r a  v ib r io  b u t  was 
d i f f e r e n t  f rom  t h a t  o f  o th e r  s p e c i e s  o f  t h e  g en u s  V i b r i o . 
B ha t tach a ry y a  and Mukerjee (1974) a l s o  concluded t h a t  th e  s e v e r a l  
determinants of the H antigen are id e n t i c a l  in a l l  A  cholerae 
s e rog roups .  The p o s s i b i l i t y  of  u s ing  H a n t i s e r a  f o r  t h e  r a p i d  
i d e n t i f i c a t i o n  of  A  cholerae s t r a i n s  belonging to  a l l  serogroups was 
i n v e s t i g a t e d  by B h a t tacha ryya  (1975). She found t h a t  a l l  c h o le r a  
v ib r io s  (serogroups 01 and non 01) reacted with H serum. In addi t ion  
in te r sp ec ie s  H cross-reactions between A  cholerae and A  ansuillarum 
(NCMB s t r a i n  6; 407 and 571) and V. m e t sc h n ik o v i i  (NCMB s t r a i n s  8563 
and 8443) were dem ons t ra ted .  Cross r e a c t i o n s  be tween V. c h o l e r a e  H 
a n t i s e ru m  and A  p a r a h a e m o l v t i c u s : A. h v d r o p h i l a : P les iom onas
sh ige l lo ides  ; Pseudomonas f lavescens : Salmonella spp and A  co l i  did 
not occur. The in te rspec ie s  H cross reac t ions  were confirmed by Shinoda 
e t  A^. , (1976). By g e l  d i f f u s i o n  the  s i n g l e  polar f l a g e l lu n i  o f  V. 
parahaemolvticus had the same a n t ig en ic i ty  as t h a t  of the s ing le  polar 
f l a g e l l a  of s t r a in s  of  jA a lg in o lv t i c u s : V. cholerae: V. anguillarum:
B. n a t r i e g e n s : B. c a m p b e l l i i ; B. n e r e i d a : B. p e l a g i a  and B. n e p tu n a . 
Thus the  ’H’ a n t ig e n  of  pandemic s t r a i n s  o f  A  cholerae  appears no t  
only to  be shared by non 01 cholera s t r a i n s  but a lso  by other v ib r io s  
species .
Many of the serological discrepancies  r e l a t in g  to  the ’H’ antigen 
may merely  r e f l e c t  t h e i r  d i f f e r e n t  m e th o d o lo g ic a l  approaches .  The 
method of  p r e p a r in g  th e  a n t ig e n  i s  of  paramount  importance but  
research ers  employ d i f f e r e n t  p r e p a r a t o r y  t e c h n iq u es .  A t y p i c a l  
Vibrio c e l l  has a s i n g l e  shea thed  p o l a r  f l a g e l lu m  ( F o l l e t t  and 
Gordon, 1963; Das & C hatterjee , 1966). In most c a s e s  th e  s h e a th  i s  
continuous with the outer membrane of the c e l l  wall  and i s  probably of 
c e l l  w a l l  o r i g i n  ( F o l l e t t  and Gordon, 1963). C erta in ly  s p e c i f i c  0
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group antiserum in h ib i t  c e l l  m o t i l i ty  (Benenson, .et A.*, 1964). Some 
marine v ib r io s  when grown on so lid  media produce unsheathed, l a c t e r a l  
( p e r i t r i c h o u s )  f l a g e l l a  in  a d d i t i o n  to  th e  s i n g l e ,  sheathed, polar  
f l a g e l lu m .  An a n t i g e n i c  d if fe r e n c e  between th e  p o l a r  and l a t e r a l  
f l a g e l l a  of  A  p a rah a em o lv t i c u s  has been reported (Shinoda e t  
al.,'1974). Thus i t  i s  only to  be expec ted  f o r  r e s u l t s  t o  v a ry  
acco rd ing  t o  th e  p r e p a r a t o r y  and assay  t e c h n iq u e s  employed. For 
d i a g n o s t i c  work s t a n d a r d i s e d  methods f o r  p r e p a r in g  and r a i s i n g  
sp e c i f ic  a n t i s e r a  are e s se n t i a l  but taxonomic inferences  should not be 
made on se ro log ica l  data designed to  be of d iagnostic  value only.
59
4 Models of en teropathogenici ty
Models o r ig in a l ly  developed for  studying A  cholerae 01 have been 
used to  d e te rm in e  the  p a t h o g e n i c i t y  of  p u t a t i v e  e n te r ic  pathogens .  
These model sys tem s  have been reviewed e x t e n s i v e l y  (Cra ig ,  1971, 
F i n k e l s t e i n ,  1973)and th e ir  work w i l l  no t  be d u p lica ted  in  t h i s  
discussion. However in  order to  help understand the s ign i f icance  of 
p a t h o g e n i c i t y  r e s u l t s ,  i t  i s  necessary t o  summarise  the  b i o l o g i c a l  
models which have contributed  s i g n i f i c a n t l y  to  the understanding of 
the pathophysiology of acute watery diarrhoea.
4.1. H is to r ica l  perspect ive
In 1854, w h i l s t  the whimsical theor ie s  of  contagion were being 
p r o m u l g a t e d ,  John  Snow o u t l i n e d  o u r  p r e s e n t  co n c e p t  o f  t h e  
pathophysiology of cholera by suggesting the ro le  of a poison in i t s  
g e n e s i s .  In Snow’s words ’’the  c h o le r a  po ison ,  when reproduced  in  
s u f f i c i e n t  quant i ty  ac ts  as an i r r i t a n t  on the surface of the stomach 
and i n t e s t i n e s ,  i t  (cholera poison)  w i th d ra w s  f l u i d  from the  blood 
c i r cu la t in g  in  the c a p i l l a r i e s ,  by a power analogous to  t h a t  by which 
the  e p i t h e l i a l  c e l l s  of  th e  v a r i o u s  o rgans  a b s t r a c t  the  d i f f e r e n t  
secretions in  the healthy body". More than three  decades l a t e r  Koch 
(1885) and H e tc h n ik o f f  (1894), working in d ep en d e n t ly ,  were a b le  t o  
induce a s i m i l a r  d i a r r h o e a l  i l l n e s s  in  th e  gu inea  pig and s u c k l in g  
r ab b i t ,  respectively. For 75 years l i t t l e  a t t e n t io n  was paid to  the 
e f f e c t  cholera v ib r io s  had upon the gut,  most research was d i rec ted  to  
endotoxins and other c e l l  components which were l e t h a l  upon paren te ra l  
i n o c u l a t i o n  of  sm a l l  l a b o r a t o r y  a n im a ls  (Craig ,  1971). De and 
C h a t t e r j e e  (1953) and Dut ta  and Habbu (1955) l ed  th e  r e n a i s s a n c e  in  
s t u d i e s  on c h o le r a  p a th o g e n e s i s .  These Indian workers demonstrated 
t h a t  c e l l  f r e e  p ro d u c ts  (whole c e l l  l y s a t e s  or crude b ro th  c u l t u r e  
s u p e r n a t e n t s )  f rom c h o l e r a  v i b r i o s  produced c o n s i s t e n t  f l u i d  
accumulation in  l i g a t e d  i l e a l  lo o p s  and s ev e re  d i a r r h o e a  when 
a d m in i s t e r e d  d i r e c t l y  i n t o  the r a b b i t  s tomach,  r e s p e c t i v e l y .  The 
resu lts  of De were not immediately reproduced in other  l a b o ra to r i e s  
(Jenkin & Rowley, 1959; Formal e t  a l . ,  1961) b u t  s u b s e q u e n t ly  th e  
r e s u l t s  were confirmed and the assay has s ince been extens ive ly  used.
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S t e r i l e  c u l t u r e  f i l t r a t e s  o f  A  Çiio l e r ae  w h ich  c a u s e d  f l u i d  
accu m u la t io n  in  th e  l i g a t e d  i l e a l  loop  and e x p e r im e n ta l  c h o le r a  in  
in fa n t  r a b b i t s  were shown by Benyajati  (1966) to  also produce cholera 
when administered in to  the small bowel of human volunteers. However 
the choleragenous product released by cholera v ib r io s  following growth 
i n  s y n t h e t i c  l i q u i d  media f r e q u e n t ly  was m ixed  w i t h  o th e r  
e x t r a c e l l u l a r  growth products i n c lu d in g  l e c i t h i n a s e s ,  haernolysins, 
l i p a s e s  and p r o t e a s e s  (Savage, 1980). Thus d e f i n i t i v e  s t u d i e s  on 
cholera  p a th o g e n e s i s  a w a i ted  th e  a v a i la b i l i t y  of pure, heat l a b i l e ,  
diarrhoeagenic cholera toxin (Finkels te in  & Lo Spal luto, 1972).
Both th e  r a b b i t  i l e a l  loop  t e s t  (De & C h a t t e r j e e ,  1953) and t h e  
in fa n t  r a b b i t  a s say  (Dutta  & Habbu, 1955) a r e  t im e  consuming, 
cumbersome and expens ive  t e s t s  which a re  no t  w e l l  s u i t e d  t o  th e  
screening of large numbers of s t r a in s .  Many alternative assays have 
been developed and these are  l i s t e d  in  Table 6. These assays are  not 
s p e c i f i c  f o r  c h o le r a  to x in  b u t  a l s o  d e t e c t  e n t e r o t o x i n s  produced by 
other b a c te r i a l  species.  The enteropathogenicity of enteric iso la te s  
i s  characterised on the basis of a c t i v i t y  in the assay systems l i s t e d .  
Some bacteria only produce experimental in fec t ion  when whole cultures  
a r e  u sed  t o  i n o c u l a t e  a n i m a l s . O t h e r  e n t e r o p a t h o g e n s  produce  
experimental in fec t ion  when both whole cultures and s t e r i l e  cu l tu re  
f i l t r a t e  are  used in  th e  appropriate assays .  The e n te r o to x in s  of  E. 
c o l i  are  separated on the bas is  of t h e i r  heat l a b i l i t y :  hea t  l a b i l e  
toxin (LT) i s  destroyed by heating at 56°C fo r  10 minutes whereas heat  
stable toxin (ST) withstands heating to  100°C for  10 minutes. Cholera 
e n t e r o t o x i n  i s  a l s o  h e a t  l a b i l e  and shares many p h y s i o l o g i c a l ,  
biochemical and immunological properties with A  c o l i  LT toxin. Most 
diagnost ic  protocols for  t e s t in g  diar rhoeal  pathogens for  experimental 
p a t h o g e n i c i t y  n o rm a l ly  in c lu d e s  one or more of th e  a s sa y s  l i s t e d  in  
Table 6. However the  r e s u l t s  in  t h e s e  a s say  sys tem s  can be e a s i l y  
misinterpreted; fo r  t h i s  reason a more de ta i led  description of each 
assay and the expected responses now follow.
The r a b b i t  i l e a l  loop  assay, developed by De & C h a t t e r j e e  (1953) 
e n t a i l s  the e x t e r io r i z a t io n  and l i g a t i o n  of a r a b b i t ’s small in tes t in e  
under a n a e s t h e s i a ,  t h e  i n j e c t i o n  o f  e i t h e r  s t e r i l e  c u l t u r e
to
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supernatents  or whole cu l tu res ,  and the temporary replacement of the 
inoculated l ig a ted  loop in to  the abdomen fo r  a spec i f ied  time period. 
After 6-18 hours have elapsed the t e s t  r a b b i t  i s  k i l l e d  the i n t e s t i n e  
removed and the  amount o f  f l u i d  accu m u la t io n  in  th e  l i g a t e d  loop  
de te rm ined .  R e s u l t s  a r e  exp ressed  as  th e  r a t i o  of  f l u i d  volume per  
length of i n t e s t i n e  (ml crn” ^). Pos i t ive  loops are g rea t ly  distended 
a l t h o u g h  t h e  l o o p  r a t i o  d ep e n d s  upon t h e  t i m e  o f  t h e  t e s t ,  
c o n c e n t r a t i o n  of  the  e x t r a c e l l u l a r  t o x i n  or c e l l  d e n s i t y  o f  th e  
inoculated organism. The l ig a te d  loop assay su f fe rs  from the inherent  
problems of  p o s i t i v e  loop  responses in  u n in o c u la t e d  loops  (Moon & 
Whipp, 1971). The r e l a t i v e  s e n s i t i v i t y  of  th e  i n t e s t i n e  a t  v a r i o u s  
l e v e l s  t o  th e  a c t i o n  of  e n t e r o t o x i n  a l s o  d i f f e r s .  L e i t c h  & Burrows 
( 1968) found t h a t  in the r a b b i t  the order of decreasing responsiveness 
was the duodenum, lower ileum and upper ileum w hilst  the colon showed 
no f l u i d  accu m u la t io n .  For t h e se  reasons before c onf idence  can be 
p laced  on the  e x p e r im e n ta l  r e s u l t s  a s u f f i c i e n t  number o f  lo o p s ,  
separated by interloops, must be employed in two or more animals. In 
addi t ion the use of preparations containing l i v e  organisms can lead to  
nonenterotoxic, inflammatory mediated loop reac t ions  (Donta & Haddow, 
1978). Within these  l im ita tio n s  the r a b b i t  i l e a l  loop models appear 
to be a reasonable assay for  enteropathogenicity.
The in fan t  r a b b i t  t e s t  i s  also an in vivo assay th a t  was o r ig in a l ly  
developed fo r  the study of cholerae (Dutta & Habbu, 1955) although 
i t  can a l s o  d e t e c t  e n t e r o t o x i n s  produced by E^ , c o l i  (Gorbach & 
Khurana, 1972). Experimental in fec t ion  in in fan t  rabbits i s  achieved 
by peroral  or i n t r a i n t e s t i n a l  inocula t ion with the t e s t  organism or a 
t o x in  p r e p a r a t i o n .  I n f e c t i o n  m a n i f e s t s  i t s e l f  as a diar rhoea often 
r e su l t in g  in the r a b b i t ’s death; a t  autopsy marked f lu id  accumulation 
in  th e  s m a l l  i n t e s t i n e  i s  observed. The age of  th e  r a b b i t  i s  
important. Dutta  & Habbu (1955) found t h a t  a dose o f  1 x 10^ v ib r io s  
inoculated by the i n t r a i n t e s t i n a l  route produced a f a t a l  diarrhoea in 
10 and 16 day o ld  r a b b its ,  more than  h a l f  o f  21 day old r a b b i t s  bu t  
an im als  30 days o ld  and o ld e r  were r e f r a c t o r y  to  d i s e a s e .  The 
c o l o n i s a t i o n  p o te n t ia l  of  t e s t  organisms  can a l s o  be d e te rm in e d  in  
t h i s  a s s a y  ( F i n k e l s t e i n  et^ a 2 . , 1 9 6 4 ) .  I n t e r e s t i n g l y  t h e  
enteropathogenic v iru lence of bac te r ia  i s  increased by passage through
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t h e  r a b b i t  i n t e s t i n e s  (Dutta  e t  ^ . , 1 9 6 3 ) .  However owing to  th e  
immature  s t a t e  of  the  e x p e r im e n ta l  an im al  th e  i n f a n t  model i s  of  
l im i ted  immunological use.
A number of  non i n t e s t i n a l  assay  sys tem s  have been developed f o r  
the  d e t e r m in a t i o n  of  e n t e r o t o x i n s .  Craig  (1965) no ted  t h a t  crude  
cholera cu l tu re  f i l t r a t e s  and s t e r i l e  r i c e  watery s too ls  from cholera 
p a t i e n t s  caused a marked i n c r e a s e  in  the  p e r m e a b i l i t y  of  the  sm a l l  
blood v e s s e l s  o f  th e  sk in  f o l l o w in g  i n t r a c u t a n e o u s  in j e c t io n  in  
r a b b i t s  and guinea pigs.  Increased permeabi l ity  was demonstrated by 
the intravenous in je c t io n  of a blue dye. Craig (1965) designated the 
f a c t o r  r e s p o n s i b l e  f o r  th e  c h a r a c t e r i s t i c  sk in  l e s i o n  " v a sc u la r  
permeabil ity  factor"  or PF. The se ro log ica l  relationship between PF 
and the choleragenic toxin was confirmed by Mosley e t  a l , , (1970) and 
s u b seq u en t ly  p u r if ie d  cholera  to x in  was a l s o  shown t o  produce a 
typ ica l  blueing response in r a b b i t s  ind ica t ive  of PF (F inkels te in  & Lo 
S p a l l u t o ,  1972). The r a b b i t  sk in  t e s t  can a l s o  be used t o  d e t e c t  E. 
c o l i  LT toxin (Evans e t  a l . , 1973), although the blueing response after  
E. c o l i  PF exposure  i s  l e s s  i n t e n s e  than  t h a t  produced by cholera  
toxin. Purification of ^  co l i  PF on agarose A5M and polyacrylamide P 
150 columns l e d  t o  th e  i s o l a t i o n  of  two fa c to r s :  a b lan ch in g  fa c to r  
which i s  h e a t  s ta b le  and a b lu e in g  f a c t o r  which i s  a l s o  h e a t  s ta b le  
( F i n k e l s t e i n  ^  al.. ,1976).  The sk in  assay has a l s o  been e x t e n s i v e l y  
u sed  f o r  d e t e r m i n i n g  c h o l e r a  a n t i t o x i n  l e v e l s  i n  a c u t e  and 
convalescent sera (Martin ^  ^1.,  1969).
The in fan t  (suckling) mouse assay, under spec i f ied  t e s t  conditions, 
i s  unique in  i t s  a b i l i t y  t o  d e t e c t  th e  h e a t  s t a b l e  to x in  of  E. c o l i  
(Dean et âl .,1972).  The infant mouse model was o r ig in a l ly  developed 
by U j i i y e  & Kobari (1970) fo r  s t u d i e s  concerned w i th  jL. c h o le r a e  
i n f e c t i o n .  However Dean and h i s  c o l l e a g u e s  in  searching f o r  a more 
c o n v en ien t  and r e l i a b l e  e n t e r o t o x i n  t e s t  system,  noted  t h a t  many E. 
co l i  cu l tu re  f i l t r a t e s  when in jec ted  in to  the stomach of i n fa n t  mice 
produced g ro s s  f l u i d  a ccu m u la t io n  in  th e  i n t e s t i n e  w i t h i n  4 hours  
w h ilst  cholera toxin f a i l e d  to  s t im ula te  gross f lu id  secre t ion  within  
th e  same t im e  period. These f i n d i n g s  were soon conf i rm ed  and t h e  
in fa n t  mouse t e s t  has since become the standard screening assay f o r  E^ .
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c o l i  ST toxin (Giannella,  1976). The t e s t  i s  simple: s t e r i l e  cu l tu re  
s u p e r n a t e n t s  of  th e  t e s t  s tr a in s  a re  mixed w i th  Evans' b lue  dye and 
th en  in je c te d  i n t o  th e  m i lk  f i l l e d  s tomach o f  2 to  4 day old mice. 
After a 4 hour incubation period the mice are s a c r i f i c e d  their e n t i r e  
i n t e s t i n e s  removed and weighed. Fluid accumulations are  expressed as 
a r a t i o  of  i n t e s t in e s  t o  rem a in in g  body w e igh t .  In Dean's s tudy  
r a t i o s  of l e s s  than 0.070 were considered negative,  those in the  range 
o f  0.079-0.090 were c o n s id e re d  q u e s t io n a b ly  p o s i t iv e  and th o se  over  
0.090 s t r o n g l y  p o s i t i v e .  More r e c e n t l y  r a t i o  v a lu e s  above O.O83 
(M orr i s  et ^ . ,1 9 7 6 )  have been taken  as  in d ic a t iv e  of  p o s i t i v e  
r e a c t io n s .  This  t e s t  i s  s p e c i f i c  f o r  E. c o l i  ST because  th e  4 hour 
i n c u b a t io n  p e r io d  i s  s u f f i c i e n t l y  short t o  only reco g n ise  th e  more 
rap id ly  a c t i n g  en tero tox in . Although not  done r o u t i n e l y  f u r t h e r  
s p e c i f i c i t y  in  the  d e t e c t i o n  o f  ST t o x i n  i s  ach ieved  by h e a t i n g  
c u l t u r e  f i l t r a t e s  t o  56*^ C f o r  15 m inu tes  th e reb y  d e s t r o y i n g  E. c o l i  
h e a t  l a b i l e  e n t e r o t o x i n s .  Enteropathogens other than E. c o l i  have 
also been shown to  produce p os i t ive  in fan t  mouse responses.
Various ' in  v i t r o '  t i s su e  cu l tu re  systems have been developed which 
de tec t  enterotoxins  having a mechanism of ac t ion  sim ilar to  cholera  
tox in . Only the  two most popu la r  t i s s u e  c u l t u r e  models  w i l l  be 
reviewed. The Y1 c e l l  l in e ,  derived from a mouse adrenal tumour, when 
grown as  c o n f l u e n t  monolayers undergo m orp h o lo g ica l  and m e ta b o l i c  
changes a f t e r  exposure  t o  c e r t a i n  en te ro to x in s  and other  b io log ica l  
molecules.  Adrenal c e l l s  appear normally as cy l in d r ica l  f ib ro b la stic  
c e l l s  bu t  exposure  t o  cholera en tero to x in  causes them t o  'round up ' ,  
d e t a c h  from t h e  s u b s t r a t e  and s e c r e t e  i n c r e a s e d  a m o u n t s  o f  
k e to s te r o id s .  The o r ig in a l  t o x in  t e s t i n g  procedures measured t h e  
amount of  s te r io d o g e n e s is  s t i m u l a t e d  by th e  t o x i n s  and t h i s  was 
c o r r e l a t e d  w i th  a marked c y t o p a t h i c  e f f e c t  (Donta e t  a l . ,1974).  
Subsequently t h i s  t e s t  was adapted to  a m icrotitre system where only 
the  m orphological change was scored (Sack & Sack, 1975). S i m i l a r l y  
cholera t o x in  and E. c o l i  LT t o x in  induce a m orphological change in  
th e  Chinese ham ste r  ovary (CHO) c e l l  l i n e  f o l l o w in g  exposure t o  
enterotoxin. Unstimulated CHO c e l l s  are round but exposure of c e r ta in  
e n t e r o t o x i n s  causes  e lo n g a t io n  o f  up t o  50% o f  th e  c e l l  monolayer 
(Guerrant e t  a i . ,  1974). T e s t s  y i e l d i n g  more than  10% e lo n g a te d  CHO
65
c e l l s  are considered pos i t ive .  The advantages of the t i s s u e  cu l tu re  
models include s e n s i t i v i t y  and the f a c t  t h a t  large numbers of i s o l a t e s  
can be r a p i d l y  assayed ;  i t  should  be noted t h a t  s k i l l  i s  r e q u i r e d  to  
maintain these c e l l  l in e s .
On th e  b a s i s  of  a c t i v i t y  in  t i s s u e  c u l t u r e  models Keusch &Donta 
(1975) separated en te r o to x in s  i n t o  two p h y s io l o g i c a l  c l a s s e s ;  th e  
c y to to x ic  and th e  c y t o t o n i c  c l a s s .  Enterotoxins from S h i g e l l a  
dvsenter iae  type 1 and Clostridium perfr ineens  exemplify the cytotoxic  
c la s s  whereas the heat  l a b i l e  enterotoxic from V. cholerae and E. c o l i  
represen t  the cytotonic class .  Cytotonic enterotoxins  were defined as 
those  which a c t  t o  enhance th e  a c t i v i t y  of  a normal b io c h e m ic a l  
pathway mediated through the enzyme adenylase cyclase. Cytotoxic toxins  
f a i l e d  to  a f f e c t  s teroidogenesis  in the adrenal c e l l  system (a cyc l ic  
AMP dependent  p ro c e ss ) .  In  a n o th e r  paper  Donta & Haddow (1978) 
p o i n t e d  o u t  t h a t  t h e  t i s s u e  c u l t u r e  s y s te m s  were prone t o  
m i s i n t e r p r e t a t i o n .  They s t a t e d  t h a t  "a c y to to x ic  response could be 
construed as  r e p r e s e n t i n g  e n t e r o to x ic i t y  i f  m orphological changes 
(a lone)  a re  used; i . e .  the  c y t o t o x i c  p ro c e s s  may in v o lv e  rounding of 
c e l l s  (no rm al ly  a s s o c i a t e d  w i th  c y t o t o n i c  to x in s )  b e f o r e  t h e i r  
d i s l o d g e m e n t  f rom  t i s s u e  c u l t u r e  s u r f a c e s .  C o n f i r m a t i o n  o f  
enterotoxicity  requires concommitant spec i f ic  biochemical a l t e r a t i o n s  
e.g. adenylase cyclase a c t iv a t io n  or s t e r o i d o g e n e s i s ,  or c o r r e l a t i o n  
with i n t e s t i n a l  assay systems".
4.2 Enteropathogenicity of NCVs
Some of  th e  NCVs a s s o c i a t e d  w i th  th e  diarrhoeal outbreak a t  th e  
Kumbh Fair,  Allahabad in India (Yajnik & Prasad, 1954) were te s te d  for  
enteropathogenic potential by Gupta e t  âi . ,(1956). Whole cu l tu re s  of  
7 NCVs i s o la t e d  from c a s e s  of  g a s t r o e n t e r i t i s  were found t o  produce 
f lu id  accumulation in rabbit i l e a l  loops s im i la r  to t h a t  produced by 
V. cholerae 01. In contrast 3 NCV s t r a i n s  i so la ted  from water sources 
and one s t r a i n  i s o l a t e d  from a d i a r r h o e a l  p a t ie n t  f a i l e d  t o  e l i c i t  
f l u i d  accum ula t ion .  Gupta e t  ^1*,(1956) concluded t h a t  many NCVs 
possessed the a b i l i t y  to  produce c l i n i c a l  cholera,  t h a t  the antigenic  
s t ru c tu re  and choleragenic i ty  of v ib r io s  were independent a t t r i b u t e s
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and th e  only b a s i s  on which a c h o le r a  v i b r i o  could be d e f in e d  was on 
the  c h o l e r a g e n i c i t y  t e s t .  Using t h e  i n f a n t  r a b b i t  model D ut ta  e t  
a l . , (1963) confirmed Gupta’s findings t h a t  the NCVs i so la te d  a t  Kumbh 
F a i r ,  produced e x p e r im e n ta l  c h o le r a  in  r a b b i t s .  In a d d i t i o n  they 
showed th a t  an enhancement of pathogenici ty  occurred after passage of 
the i s o l a t e s  through the suckling rabbit i n t e s t in e .  At a dose of  10^ 
unpassenged c e l l s  per  lOOg body w eigh t  e i g h t  NCV s t r a i n s  induced a 
mild diarrhoea in only 15% of the t e s t  r a b b i t s  r e su l t in g  in no deaths.  
The same s t r a i n s  reco v e red  from th e se  i n f e c t e d  r a b b i t s  a t  a dose of  
10^ passaged  c e l l s  per  lOOg body w e ig h t  r e s u l t e d  in  c h o l e r a i c  
d i a r r h o e a  in  55% o f  th e  an im a ls  ch a l le n g ed  w ith  a f a t a l i t y  r a t e  of  
50%.
The p a t h o g e n i c i t y  of  3 NCVs i s o l a t e d  from d i a r r h o e a l  c a s e s  in  
Bangladesh was a l s o  conf irmed by McIntyre e t  a l . , (1965). A 1 ml dose 
of 300 to  480 NCVs was inoculated in to  10 day old rabbits. Fif teen  of 
17 r a b b i t s  so i n o c u l a t e d  developed e n t e r i t i s  m a n i fe s te d  by a l a r g e  
a ccum ula t ion  of  f l u i d  s t o o l  in both the  s m a l l  bowel and colon .  
Homologous hyperimmune serum administered i n t r a p e r i to n e a l ly  24 hours 
prior to  inoculat ion with the t e s t  i s o l a t e  provided pro tec t ion  to  each 
of  f i v e  r a b b i t s  a g a i n s t  a ccu m u la t io n  of  i n t r a i n t e s t i n a l  f l u i d .  
McIntyre e t  al.,(1965) concluded t h a t  the demonstrated pathogenicity  
fo r  man and the widespread d i s t r i b u t io n  of  NCVs in surface  waters of  
the world n e ce s s i t a te s  t h a t  simple methods designed to  identify  these 
o rgan isms  should  be in c lu d e d  in  th e  laboratory  r o u t i n e s  used  in  th e  
study of diarrhoea. Ten i so la te s  included in  the taxonomic study of 
Sakazaki  _et a i . , ( 1 967) and i d e n t i f i e d  as  non 0 group 1 V. ch o lerae  
produced c h o l e r a i c  diarrhoea i n  s u c k l in g  ra b b its  w h i l s t  5 s t r a i n s  
i d e n t i f i e d  as  A. h v d ro o h i l a  f a i l e d  t o  produce symptoms in  s u c k l in g  
rab b its .  No a t t e m p t  was made by Sakazaki  and h i s  c o l l e a g u e s  t o  
d i s t i n g u i s h  the  pa th o g en ic  NCVs from th e  f r e e  l i v i n g  a q u a t i c  fo rm s  
s in c e  they d id  no t  consider p a t h o g e n i c i t y  p a r t i c u l a r l y  r e l e v a n t  in  
taxonomy.
An immunologica l  comparison o f  t o x i n s  produced bv V. c h o l e r a e  01 
a n d  NCVs w a s  r e p o r t e d  by G h o s h  e t  ^ 1  . , (  1 9 7 0 ) .  By
Immunoelectrophoresis and immunodiffusion analyses whole c e l l  l y s a t e s
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( W CL ) o f  12 NCVs i s o l a t e d  from d i a r r h o e a l  s t o o l s  c o n ta in e d  many 
antigens  in common with V^  cholerae 01. E a r l ie r  f indings  by Coleman 
e t  a l.; (1968) suggested that the cholerae 01 toxin responsib le  for  
inducing f lu id  accumulation in the i l e a l  loop was po s i t iv e ly  charged 
and moved towards  th e  n e g a t iv e  po le  on Im m u n o e lec t ro p h o res i s .  For 
t h i s  reason Ghosh et a l . , (1970) considered the charged antigens of the 
NCV WCL which m ig ra te d  t o  th e  n e g a t iv e  po le  to  r e p r e s e n t  th e  i l e a l  
loop  r e a c t i v e  t o x i n ( s ) .  However, s in c e  many p o s i t i v e l y  charged 
antigens were observed Ghosh e t  ^.,(1970) could not p red ic t  whether a 
s i n g l e  such a n t ig e n  or a com bina t ion  of  p o s i t i v e ly  charge  a n t i g e n s  
played the major ro le  in tox igen ic i ty .  I t  i s  noteworthy t h a t  a s ing le  
d i s t i n c t  band was produced when horse an t i to x in  serum, prepared from 
p u r i f i e d  c h o l e r a  t o x in ,  was used a g a i n s t  WCL’s o f  V. ch o lerae  01 and 
NCVs; a s l i g h t  d i f ference  in the r a t e  of migrat ion of these bands was 
noted. Since the b io log ica l  a c t i v i t y  of the common antigens  between 
V. cholerae and the NCVs was not determined i t  i s  open to  speculation  
whether these NCVs produced enterotoxins .
Some i n t e r e s t i n g  f i n d i n g s  on the  e n t e r o p a t h o g e n i c i t y  o f  34 NCVs 
i s o l a t e d  from f a e c e s  o f  ac u te  h o s p i t a l i s e d  diarrhoeal p a t i e n t s  were 
obtained by Bhattacharya e t  a l . , (1971). Crude f i l t r a t e s  prepared from 
e x p o n e n t i a l l y  growing (8 hours  p o s t  i n o c u l a t i o n )  c u l t u r e s  were 
negative for  en tero toxic  a c t i v i t y  as  de te rm in ed  in  t h e  ra b b it  i l e a l  
loop and the  skin permeability assay. However of 15 crude f i l t r a t e s  
concentrated 10 fold (using carbowax) 4 gave po s i t iv e  loop responses 
( r a t i o s  0.4 to  0.8 ml cm"1) b u t  a l l  15 f a i l e d  t o  r e a c t  in  t h e  skin  
a s say .  Six s e r i a l  rabb it passag es  o f  4 loop  r e a c t i v e  s t r a i n s  
a p p a r e n t l y  in c r e a s e d  th e ir  e n t e r o p a t h o g e n i c i t y  : p o s i t i v e  loop  
responses were o b ta in ed  by the  use of  crude cu ltu r e  f i l t r a t e s  of  
passaged strains. However the nature of the enterotoxin produced by 
t h e s e  4 NCV s t r a i n s  was not in v e s t ig a te d .  In  another study 4 NCV 
s t r a i n s  3 of which were i so la ted  from g a s t r o e n t e r i t i s  cases during the  
1968 S u d a n e s e  ou tb reak  and a s i n g l e  NCV i s o l a t e d  f ro m  t h e  
Czechoslovakian  food poison ing outbreak were a l s o  shown t o  be 
enteropathogenic (Kumar & Dutta, 1971). All 4 s t r a i n s  were pathogenic 
to  i n f a n t  r a b b i t s  producing s e v e re  d i a r r h o e a  13 to 17 hours  post  
i n t r a i n t e s t i n a l  inoculat ion and d e a th  w ith in  24 hours .  In  a d d i t i o n
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a l l  4 s t r a i n s  produced c h a r a c t e r i s t i c  a ccu m u la t io n  o f  f l u i d  in  th e  
i s o l a t e d  lo o p s  of  a d u l t  r a b b i t  a l th o u g h  th e  loop  r a t io s  were no t  
given .  Subsequen t ly  C hatterjee  ^  a l . ,(1973)  confirmed t h a t  th e  4 
s t r a in s  earlier  studied by Kumar & Dutta  produced t y p i c a l  c h o l e r a i c  
d i a r r h o e a  f o l lo w in g  in t r a i n t e s t i n a l  a d m in is tra t io n  of  c ir c a  10^ 
v ib r io s  and r e p o r t e d  t h a t  th e ir  c u l t u r e  f i l t r a t e s  f a i l e d  t o  produce 
d i a r r h o e a  in  i n f a n t  ra b b its .  However c u ltu re  f i l t r a t e s  from th e  3 
Sudanese s t r a i n s  d id  co n ta in  p erm eab ility  fa c to r  (PF). A n t i s e r a  t o  
crude culture f i l t r a t e s  containing PF neutralised the a c t i v i t y  of PF 
in  v i t r o  and in  v ivo  but f a i l e d  t o  p ro tec t  i n f a n t  r a b b i t s  f o l l o w i n g  
i n t r a i n t e s t i n a l  challenge with homologous s t r a in s .  I t  i s  d i f f i c u l t  to  
i n t e rp r e t  the s ign i f icance  of these f indings  since only crude cultures  
were used to  r a is e  a n t i s e r a .  N e v e r th e le s s  a n t i s e r a  ra ise d  t o  th e  
crude NCV PF did  n e u t r a l i s e  the  PF a c t i v i t y  o f  c h o le r a e  01 
suggesting an immunological s im i la r i ty .
The most conv inc ing  s tu d ie s  im p lic a t in g  an en tero to x in  as  th e  
primary mechanism by which some NCVs produced diarrhoeal disease  were 
conducted by two Japanese  groups,  working independently (Zinnaka & 
Carpenter, 1971 and 1972; O h a s h i ^ a l . ,  1972). Studying s t r a in s  
obtained from the 1968 Sudan outbreak and s t r a i n s  from India  and the 
Phil ippines  these two research  groups i d e n t i f i e d  t h a t  some NCV stra ins  
produced experimental cholera in fection  in r a b b i t s  and a permeability 
f ac to r  s im i la r  to  t h a t  of V. cholerae 01. Both these a c t i v i t i e s  were 
demonstrated in c e l l  f ree  cu l tu re  f i l t r a t e s .  Most i n t e r e s t i n g ly  both 
researchers  showed t h a t  the skin permeabil ity  factor of these NCVs was 
n e u t r a l i s e d  by a n t i s e ru m  p repared  a g a i n s t  p u r i f i e d  c h o l e r a  t o x in .  
Also a n t i s e r a  prepared a g a i n s t  p u r i f i e d  s k in  p e r m e a b i l i t y  f a c t o r  
n e u t r a l i s e d  th e  a c t i v i t y  of  cholera t o x in .  Thus an im m unolog ica l  
homology between th e  p u r if ie d  e n t e r o t o x i n  p r o t e i n s  o f  NCVs and V. 
c h o le r a e  01 was dem ons t ra ted .  W h i l s t  Zinnaka & C arp en te r  (1972) 
d e m o n s t r a t e d  u n e q u i v o c a l l y  t h a t  2 NCV s t r a i n s  produced an 
extracellu lar PF, a further 8 NCV s t r a i n s  e l i c i t e d  f lu id  accumulation 
in the i l e a l  loops by an undetermined mechanism. Loop r a t i o s  obtained 
a f t e r  i n t r a i n t e s t i n a l  i n o c u l a t i o n  o f  l i v e  c u l t u r e s  o f  10 t e s t  NCV 
s tr a in s  ranged from 0.41 -  1.28 c l  cm” * w h i l s t  r e sp o n s e s  in  lo o p s  
i n o c u l a t e d  w ith  V. cholerae 01 were s i g n i f i c a n t l y  higher and ranged
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from 1.23 -  2.30 ml cm” **. Cleverly the f lu id  which accumulated in the 
l o o p s  was t e s t e d  f o r  PF a c t i v i t y  : a l l  n ine  s t e r i l e  loop  f i l t r a t e s  
in fected  with cholerae 01 possessed PF but only 2 of 9 NCV infected 
loops contained PF a c t iv i t y .  The 2 s t r a i n s  which produced PF in the 
in te s t in a l loops were ex tensively  characterised but unfortunately the 
7 negative strains were not further characterised.
Many cu ltu re  f i l t r a t e s  o f  NCVs c o n ta in  no t  only th e  cholera  
en tero to x in  bu t  other b a c t e r ia l  e x t r a c e l l u l a r  p r o d u c t s  w h ich  
f r e q u e n t l y  obscure  the e n t e r o t o x i c  a c t i v i t y .  Ohashi e t  a l . . (1972)  
observed t h a t  some s t r a i n s  which p ossessed  the  sk in  p erm ea b ility  
f ac to r  and s t r a i n s  which lacked PF elaborated an extracellu lar product 
which produced haem orrhag ic  l e s i o n  in  th e  rabb it  sk in  a ssay  ; t h i s  
fac tor(s )  was termed "haemorrhagic principle" (HP). Of 41 NCV s t r a i n s  
studied : 3 produced PF only; 5 produced PF & HF and 9 produced only 
HF. Of 18 Vi. c h o le r a e  01 s tr a in s  s tu d i e d  11 produced PF on ly ;  2 
produced PF & HF and 4 produced only HF and 1 s t r a i n  f a i l e d  to  produce 
both PF and HF. The ro le  of HF in the pathogenesis of cholera was not 
i n v e s t i g a t e d .  Ohashi .et a l , . ,(1972) noted  th a t  i n  t h e  ra b b it  i l e a l  
loop  model crude c u l t u r e  f i l t r a t e s  of  V. c h o le r a e  01 and a NCV were 
more potent  than pu r i f ied  cholera en tero to x in . This  su g g e s te d  t h a t  
other e x t r a c e l lu la r  products of v i b r i o s  participated in the  f lu id  
accumulation process. Most V. c h o le r a e  s tr a in s  produce p r o te in a se ,  
mucinase, n eu ram in id a se  and haem olysin, th ese  products may a c t  in  
conduc t ion  w i th  c h o le r a  e n t e r o t o x i n  to  p o t e n t i a t e  th e  c h o l e r a i c  
m a n ife s ta t io n s .  In Ohashi's s tudy no correlation was found between 
serotype and PF production.
During a search for  a canine reservoir of cholerae in Calcutta,  
Sack (1973) i so la ted  28 NCVs belonging to  Heiberg groups I  and I I  from 
203 dog r e c t a l  swabs. During the same time period of t ime 9 NCVs were 
i s o l a t e d  from d i a r r h o e a l  p a t ie n ts  and 3 NCVs were i s o l a t e d  from 
Calcutta crows. When t e s te d  in the i l e a l  loop assay a l l  i s o l a t e s  from 
humans and crows gave moderately p o s i t i v e  loop  r e a c t io n s  (> 0.5 
r a t io s )  whereas only 5 of the  13 dog s t r a i n s  t e s t e d  gave s i m i l a r  
r e su l t s .  Ratios of < 0.2 ml cm""* were considered negative. Undiluted 
s t e r i l e  culture f i l t r a t e s  from a l l  strains of NCVs were uniformally
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negat ive in the r a b b i t  loops. These negative enterotoxin resu lts  were 
attributed to  the i n s e n s i t i v i t y  of the i l e a l  loop t e s t  and the use of 
suboptimum c u l t u r a l  c o n d it io n s  and in d ica ted  th e  n e c e s s i ty  to  
concentrate  crude cu l tu re  f i l t r a t e s  b e fo re  t e s t i n g  f o r  en tero tox in .  
Nevertheless Sack's (ïaba suggested that some of the NCVs being carried 
by dogs and crows were capable of  cau s in g  diarrhoea l d ise a se  
e x p e r i m e n t a l l y .  Once ag a in  th e  NCVs r e p r e s e n t e d  a number of 
serogroups and both pathogenic and nonpathogenic v ibrios  f e l l  into the 
same serogroup.
An i n t e r e s t i n g  NCV was i s o la t e d  from th e  blood o f  a c h i l d  w ith  
kw ash io rkor  and f e v e r  ( Robins-Brovjne .et  a l . ,  1977). In  th e  l i g a t e d  
loop model an inoculum from 10^ c e l l s  produced a loop r a t i o  of 0.12 ±
0.03 ml cm”  ^ a t  6 hours  and 0.48 ±  0.14 cm” * a t  18 hours incubation .  
Crude c u l t u r e  f i l t r a t e s  of  th e  i s o l a t e  grown overn ight in  Syncase 
broth induced 18 to  20% of CHO c e l l s  to  elongate s ignify ing  a p os i t ive  
response; however t h i s  culture f i l t r a t e  f a i l e d  to  give a po s i t iv e  skin 
t e s t .  Moreover syncase  b ro th  c u l t u r e  f i l t r a t e s  concentrated by 
d i a l y s i s  and u l t r a f i l t r a t i o n  th rough  a D ia f lo  UM10 membrane and 
adjusted t o  a p rotein  content of  1OOug/ml produced a p o s i t iv e  sk in  
reaction. The guinea pig keratoconjunctivitis t e s t  fo r  invasiveness  
was n e g a t iv e  a l though  th e  NCV did  invade t h e  r a b b i t  i l e a l  mucosa. 
P e r ip h e r a l  venous blood, l i v e r  and s p le e n  specimens from ra b b its  
e n t e r ic a l ly  i n f e c t e d  w i th  NCVs y ie ld ed  the  organism a f t e r  18 hours .  
S y s te m a t i c  i n f e c t i o n  in  th e  i n f a n t  rabbit following in tra in test in a l  
in jection  with cholerae 01 has also been reported  (Burrows & Sack, 
1974). Robins-Browne e t  a l . , (1977) considered the  presence of the NCV 
in  the  p e r i p h e r a l  blood of  the  c h i l d  as  a p ro b ab le  r e s u l t  o f  a 
depressed host  immunity associated with m alnu t r i t ion  and compounded by 
th e  i n v a s i v e  a b i l i t y  o f  the  s t r a i n .  There have been no c l i n i c a l  
r epor ts  of systemic cholerae 01 occurring in man although a marked 
s y s te m ic  a n t iso m a tic  and a n t i t o x i c  re sp o n se  does occur  fo l lo w in g  
en te r ic  infection. The enterotoxigenic  a c t i v i t y  of t h i s  NCV was l o s t  
after storage fo r  8 months on a semisol id  medium.
A comparative study on the  enteropathogenicity of 36 NCVs iso lated  
from diarrhoeal patients (16) and water samples (20) was conducted by
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Draskovicova .et a l . , (1977). P o s i t i v e  i l e a l  loop responses were 
obtained from 7 o f  16 c l i n i c a l  i s o l a t e s  and 8 o f  20 water i s o l a t e s  
when 2ml of around 10^ c e l l s  were used as inocula. Culture f i l t r a t e s  
concentrated 5 fold from 3 c l i n i c a l  and 6 water strains also contained 
i l e a l  loop  r e a c t iv e  m a t e r i a l .  S u rp r is in g ly  5 fo ld  concentrated  
cu l tu re  f i l t r a t e s  from 5 c l in ic a l  and  ^ water s t r a i n s  which fa iled  to  
e l i c i t  an i l e a l  loop r esponse  when ch a l le n g e d  w ith  whole c u l t u r e s  
co n ta in e d  i l e a l  loop  r e a c t iv e  m a t e r i a l .  Loop r a t i o s  obtained with  
whole cultures ranged from 0.2 to 1.8 ml cm” * whereas ratios  from the 
concentrated c u l tu re  f i l t r a t e s  were much lower (0.2 to 0.8 ml cm“ ^). 
A ll  non concentrated cu ltu r e  f i l t r a t e s  f a i l e d  t o  e l i c i t  f l u i d  
a ccu m u la t io n  in  th e  loop. I n te r e s t in g ly  t h e  accumulated f l u i d  in  
loops  in je c te d  w i th  NCV c u l t u r e s  as  w e ll  as concentrated c u l t u r e  
f i l t r a t e s  was mucoid and frequent ly  bloody unlike the r i c e  watery pink 
f l u i d  o b ta in e d  fo l lo w in g  i n f e c t i o n  w ith  ch o lerae  01. All 
unconcentrated crude c u l t u r e  f i l t r a t e s  from th e  36 NCV s tr a in s  
produced PF; in  a d d i t i o n  34 of  th e se  s tr a in s  a l s o  produced a 
haemorrhagic factor. Of 5 IL cholerae 01 s t r a i n s  which produced PF 4 
a lso produced a weak haemorrhagic les ion.  Heating of the NCV cu l tu re  
f i l t r a t e  to  56^C fo r  30 minutes only decreased the skin toxin a c t i v i t y  
w h i l s t  the same heat ing condit ions  abolished skin a c t i v i t y  in the V. 
cholerae 01 strains. Skin a c t i v i t y  in the NCV s t r a i n s  was completely 
destroyed by h e a t in g  to  65°C f o r  30 m inu tes .  The imm unolog ica l  
r e l a t io n s h ip  of these NCV to x in s  t o  cholera en tero to x in  was no t  
i n v e s t i g a t e d .  D esp ite  the f a c t  th a t  a l l  t h e  NCVs produced a sk in  
reactive toxin only some of these NCVs produced an enterotoxin. The NCV 
sk in  to x in ( s )  was more therm ostable and b es id es  inducing v a s c u l a r  
p erm eab ility  i t  a l s o  produced a haem orrhag ic  e f f e c t .  S ince  only  
crude cu ltu re  f i l t r a t e s  were used i t  i s  q u i t e  p o s s i b l e  t h a t  th e s e  
f i l t r a t e s  contained many e x t r a c e l l u l a r  products, co n seq u e n t ly  i t  i s  
d i f f i c u l t  to designate a spe c i f i c  en tero toxic  factor.
In a survey of  water samples in Chesapeake Bay between September 
1976 and May 1977 C olw ell M . /1 9 7 7 )  i s o la t e d  17 NCVs. The
pathogenicity of these NCVs was determined in the r a b b i t  i l e a l  loop model 
and th e  adrenal c e l l  l i n e .  Of 14 NCV i s o l a t e s  t e s t e d  in  th e  i l e a l  
loop a s sa y  9 s t r a i n s  e l i c i t e d  f l u i d  accu m u la t io n .  I t  i s  no t  c l e a r
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from th e i r  paper whether whole cu l tu re s  or cu l tu re  f i l t r a t e s  were used 
in  th e  loop  t e s t  and th e  f lu id  r a t i o s  o b ta in ed  were no t  g iven .  
Nevertheless c e l l  f ree  f i l t r a t e s  when te s ted  agains t  Y1 adrenal c e l l s  
gave p os i t ive  r e s u l t s  suggesting the presence of a c h o le ra - l ik e  toxin. 
In  a more d e t a i l e d  paper  concern ing  t h e  p a t h o g e n i c i t y  of  th e s e  
Chesapeake Bay NCVs Kaper e t  .a l . , (1 979) r e p o r t e d  t h a t  o f  19 s tr a in s  
t e s ted  15 produced p osit ive  i l e a l  loop responses when whole cultures  
were used a s  i n o c u la .  Loop r a t i o s  ranged from 0.21 t o  2.11 ml cm"”* 
w i th  most r e s u l t s  being  l e s s  than  1. Of th e  19 NCVs t e s t e d  in  th e  
loop assay cu l tu re  f i l t r a t e s  from 18 produced morphological changes in 
the adrenal c e l l  system. In addi t ion  cu l tu re  f i l t r a t e s  from a fu r th e r  
45 NCVs were t e s t e d  in th e  adrenal c e l l  system: 39 f i l t r a t e s  induced 
morphological changes. Thus of  64 i s o l a t e s  te s ted  in the adrenal c e l l  
system , 57 (89.1%) were p o s i t i v e .  ( In  t h e i r  paper Kaper e t  a l . ,  1979 
s t a t e  t h a t  a t o t a l  of  65 i s o l a t e s  were t e s t e d  bu t  d a ta  f o r  only 64 
s t r a i n s  were tabulated) .  Culture f i l t r a t e s  of  18 NCVs when te s ted  in 
th e  r a b b i t  i l e a l  loop  i n v a r i a b l y  gave n e g a t iv e  or in c o n s i s te n t  
responses. Nevertheless Kaper e t  a l . .(1979) designated  th e  t o x i n  as  
an en tero tox in  prim arily  on t h e  b a s i s  of  th e  a d r e n a l  c e l l  system. 
The ir  so c a l l e d  'en terotox in ' was produced in  g r e a te s t  amounts 
f o l l o w in g  s t a t i c  growth in  b r a i n  h e a r t  in fu s io n  b ro th .  These 
in ves t iga to rs  did not  a t tempt to  determine whether the adrenal c e l l  
response was due to a cholera-like enterotoxin  or some other bacterial 
extracellu lar product. Whilst an unequivocal e n t e r i t i s  response was 
produced in  rabbits following the i n t r a i n t e s t i n a l  in jection  of viable  
v i b r i o s  t h e i r  d a t a  on t h e  p r e s e n c e  o f  an ' e n t e r o t o x in '  was 
inconclusive.
In th e  p e r io d  1971 to  1976, 200 NCV s t r a i n s  were i s o l a t e d  in  
Hungary; 18 of the cultures were derived from 34,729 faeca l  specimens 
and 182 from 237 surface  water samples  ( S z i t a  e.t a l . ,  1979). A 
s e l e c t i o n  o f  10 NCVs (6 from water samples  & 4 from s t o o l  samples)  
yielded inconclusive r e s u l t s  when t e s ted  in the ligated  rabbit i l e a l  
loop. Living cu l tu re s  of NCVs d i l a te d  the l ig a te d  i l e a l  loops; loop 
r a t i o s  were not given and in  5 instances  strains were only te s te d  in a 
s ingle  loop. S ter ile  cu l tu re  f i l t r a t e s  from 2 NCVs fa ile d  to  e l i c i t  
f lu id  accumulation in i l e a l  loops. The i s o la t io n  of NCVs from faeces
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was i n t e r p r e t e d  by S z i t a  and h i s  c o l l e a g u e s  t o  r e p r e s e n t  
’contaminants’ or in some ind iv iduals  part of the normal f lo ra  of the 
gu t ,  w h i l s t  in  o th e r  i n d i v i d u a l s  they  caused g a s t r o e n t e r i t i s .  No 
c o n s tr u c t iv e  guidance  was given  as how to  recogn ise  th e  p a r t i c u l a r  
r o l e  of  th e  NCV.
From th e  fo re g o in g  d i s c u s s i o n  i t  i s  c l e a r  t h a t  NCVs do produce 
e x p e r im e n ta l  i n f e c t i o n s  in a n im a ls .  W h i l s t  only  some NCVs produce 
i n f e c t i o n  f o l lo w in g  i n o c u l a t i o n  w ith  l i v e  c u l t u r e s  o t h e r s  produce 
i n f e c t i o n s  by e lab oratin g  e n t e r o t o x i n s .  The i l e a l  loop r e sp o n se s  
obtained following in fec t io n  with l i v e  NCVs are  not as g rea t  as t h a t  
fo l lo w in g  V. c h o le r a e  01. In some i n s t a n c e s  the  n a t u r e  o f  the  loop  
f l u i d  was d i f f e r e n t  to  th e  c l a s s i c  r i c e  water, pink t in ged , f l u i d  
a sso c ia te d  w i th  IL  . c h o le r a e  01 i n f e c t i o n .  Thus t h i s  e n t e r i t i s  
response appeared  to  be produced by a mechanism d i f f e r e n t  from the  
c l a s s i c a l  enterotoxin  mediated diarrhoea; a v a r ie ty  of e x t r a c e l lu l a r  
products may very well ac t  in concert to e l i c i t  the diarrhoea. Among 
the NCV strains which produce t rue  cho le ra - l ike  en tero toxins  i t  would 
appear t h a t  only small amounts of enterotoxin i s  elaborated i n to  the 
cu l tu re  medium. This may be re la ted  to  the employment of suboptimal 
c u l t u r a l  co n d it io n s  or  other c e l l u l a r  mechanisms may con tro l  
enterotoxin expression. Various concentration  procedures have been 
employed t o  i n c r e a s e  the  q u a n t i t y  of  NCV en tero tox in  a l th o u g h  many 
in v es t ig a to r s  have f a i l e d  to  apprecia te  th a t  other c e l lu l a r  products 
may i n t e r f e re ,  obscure or otherwise increase the apparent enterotoxin 
a c t i v i t y .  The few immunological  s tu d ie s  conducted have su g g e s ted  
immunological s im ilar ity  between cholera toxin and NCV enterotoxin  but 
the ex tent  of the immunological s im ila r ity  has not been f u l l y  studied.  
From the l i t e r a t u r e  i t  i s  d i f f i c u l t  to  decide r a t io n a l ly  upon the bes t  
cho ice  of  t e s t s  f o r  determ ining e n te r o p a th o g e n ic  p o te n t ia l .  Thus 
w h i l s t  there  has been some exce l lan t  research on implicating NCVs as 
d i a r r h o e a l  pathogens  th e  work i s  s t i l l  in  i t s  in fancy and many 
questions remain to  be answered. Among the most important i s  how can 
pathogenic NCVs be distinguished from f re e  l iv in g  aquatic organisms?
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4.3 Enteropathogenicity of  IL. parahaemolvticus
The e n t e r o p a t h o g e n i c i t y  o f  IL. p a r a h a e m o l v t i c u s  was f i r s t  
es tab l ished  by experiments involving human volunteers  and subsequently 
by a n i m a l  e x p e r i m e n t s .  By f e e d i n g  b r o t h  c u l t u r e s  o f  V. 
p a ra h a e m o lv t i c u s  t o  human v o l u n t e e r s  Takikawa (1958) d em o n s t ra ted  
their enteropathogenic potential. This work was confirmed by Aiso and 
Fujiwara (1963); they fed 4 t e s t  IL parahaemolvticus strains (3 faecal 
and 1 s h e l l f i s h  i s o l a t e )  t o  human v o lu n teer s .  Of the  4 i s o l a t e s  
t e s t e d  only one f a e c a l  i s o l a t e  produced g a s t r o e n t e r i t i s ;  s im ila r  
resu lts  were obtained when these 4 strains were fed to  monkeys. The 
virulence of V. parahaemolvticus was increased when monkeys were fed a 
’c o c k t a i l ’ mixed w i th  IL parahaem olvticus and P ro te u s  m o re an i i  
(Fujiwara e t  .al., 1965). This was an in teresting  observat ion s ince the 
f i r s t  r e p o r t e d  case  of ’s h i r a s u ’ food po iso n in g  was due to  a s i m i l a r  
mixed in fec t ion .  The in fe c t iv e  dose of  ^  parahaemolvticus fo r  man 
appears to  be in the range of 10^ to  10?. In one laboratory  acquired 
in fec t ion  a technic ian who acc iden ta l ly  ingested 3 x 10^ v iab le  c e l l s  
developed th e  d i s e a s e  (Sakazaki .et a l . , 1968). In a n o th e r  human 
v o l u n t e e r  study, 4 su b je c ts  r e c e iv in g  a dose o f  3 x 10^ v ia b le  c e l l s  
o f  IL parahaem olvticus developed abdominal discomfort and diarrhoea 
after 12 hours of feeding (Sanyal & Sen, 1974).
I n i t i a l l y  i t  was th o u g h t  t h a t  a l l  s t r a i n s  of  V. parahaem olvticus  
were pathogenic fo r  man. Epidemiological studies on the distribution  
of V. parahaemolvticus revealed t h a t  s t r a i n s  i so la te d  from the faeces 
of p a t ien t s  caused a Beta type haemolysis when plated on unautoclaved 
brain heart i n f u s i o n  agar  c o n t a i n i n g  5% human blood, 3% sodium 
chlor ide  and 0.001% c ry s ta l  v o i l e t .  S t ra in s  iso lated  from seafood and 
marine environments were nonhaemolytic (Kato e.t a l . ,1 9 6 5 ) .  The 
findings of Kato .et .al., were confirmed by other  Japanese workers (see 
Sakazaki  .et  aJL.,1968). I t  had been shown e a r l i e r  th a t  a l l  V. 
parahaemolvticus regard less  of source produced a zone of haemolysis on 
o rd in a ry  blood agar  p l a t e s .  To d i s t i n g u i s h  th e  two k in d s  of  
haem olysis  the  term ’Kanagawa phenomenon’ was ascr ibed  t o  th e  
haemolysis produced by V. parahaemolvticus i s o l a t e s  on a spec ia l  blood 
agar  p l a t e .  Wagatsuma (1968) m odified  th e  o r ig in a l  t e s t  medium of
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Kato e t  a l . , ( 1965) by in c lu d in g  m an n i to l  and i n c r e a s i n g  th e  sodium 
c h l o r i d e  c o n c e n t r a t i o n  to  7%: Wagatsuma’s f o r m u l a t i o n  became the  
standard t e s t  medium f o r  d e t e rm in in g  th e  Kanagawa phenomenon. V. 
p a rah ae m o lv t i c u s  p roduces  4 types of haem olys ins .  (Twedt & Brown, 
1974). Two of these haemolysins are  c e l l  bound; the th i rd  i s  found in 
broth s u p e r n a t e n t s  and i s  h e a t  l a b i l e  (Yanagase e t  a i . , 1970) w h i l s t  
the  fourth i s  the haemolysin responsib le  for  the Kanagawa phenomenon 
on Wagatsuma media. The original ep id e m io lo g ic a l  o b servation s  of 
Kato e t  M.,(1965) were extended by Sakazaki and coworkers (1968) who 
examined 2720 human IL parahaemolvticus i s o l a t e s  and found that 96.5% 
were Kanagawa t e s t  p o s i t i v e  as  opposed t o  1% (7/650) i s o l a t e d  from 
s h e l l f i s h  and marine samples .  In a d d it ion  o r a l  feed ing  of  10^ 
Kanagawa t e s t  negative IL parahaemolvticus to  humans fa iled  t o  produce 
d i a r r h o e a l  d i s e a s e .  Thus Sakazaki e t  a%.,(1968) concluded t h a t  as  a 
r u l e  Kanagawa n e g a t iv e  V. p a r a h a e m o lv t i c u s  were non p a th o g en ic  t o  
humans.
The enteropathogenicity of V. parahaemolvticus as determined by the 
l ig a te d  i l e a l  loop  a s say  i s  of  a c o n f l i c t i n g  nature. Sakakazi .et 
sil.,( 1963) f i r s t  a p p l i e d  th e  i l e a l  loop  assay t o  V. parahaem olvticus  
and found t h a t  broth c u l t u r e s  o f  10 s tr a in s  produced d i l a t i o n .  In  
addition 10 s t r a i n s  of  IL a lg ino lv t icus  also  produced a s im i la r  loop 
reaction. These studies were performed before the f u l l  s ign ificance of 
the  Kanagawa rea c t io n  was r e a l i s e d  c o n se q u en t ly  Sakazaki (1971) 
suggested th a t  the i l e a l  loop t e s t  had lim ited  value fo r  pathogenic i ty  
t e s t i n g  o f  V. p a r a h a e m o lv t i c u s . Zen Yoji  .et a l . , ( 1972) found t h a t  
most IL parahaem olvticus c u ltu r e s ,  r e g a rd le ss  of  Kanagawa type, 
produced d i l a t i o n  of  i l e a l  loops w h i l s t  s t r a in s  of  V. a le in o lv t i c u s  
and r e l a t e d  m ar ine  v ib r io s  showed l i t t l e  r e sponse .  C o n t r a s t i n g  
r e s u l t s  were obtained by Twedt and Brown (1973) who compared 19 
Kanagawa p o s i t iv e  s t r a in s  o f  IL p a ra h a e m o lv t i c u s  i s o la t e d  from 
diarrhoeal s too ls  with those of 10 Kanagawa negat ive s t r a i n s  i so la te d  
from sea f i s h .  Washed c e l l s  (10&) of  t e s t  s t r a in s  were i n o c u l a t e d  
i n t o  l ig a te d  loops  and a f te r  18-24 hours 17 o f  the  19 Kanagawa 
positive strains produced severe d i l a t io n  in the l iga ted  loops whereas 
8 of 10 Kanagawa negative s t r a in s  f a i l e d  to  e l i c i t  f lu id  accumulation.
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The i l e a l  loop r e a c t i v i t y  was destroyed by heating the c e l l s  to  60°C 
f o r  10 m inu tes .  No i l e a l  loop  r e a c t i o n  was observed  when s t e r i l e  
broth f i l t r a t e s ,  concentrated ten fold  (carbowax) were used suggesting 
th e  absence of  an en tero to x in  a t  l e a s t  in  s u f f i c i e n t  concentration .  
These findings complemented the ear lier  report of Yahagi ( I967) t h a t  
V.. parahaemolvticus penetrated e p i t h e l i a l  c e l l s  and the lamina propria 
of  th e  i leum of l ig a te d  r a b b i t  loops .  Yahagi’s work (1967) su g g e s t  
t h a t  V. parahaemolvticus e x h i b i t s  a S h i g e l l a - l i k e  v i r u l e n c e  pattern
i . e .  an i n f e c t i o n  ch a ra cter ised  by e p i t h e l i a l  c e l l  p en etra tion ,  
disturbance of bowel function and consequent f lu id  loss .  However the 
guinea pig keratoconjunctivitis t e s t  for  invasiveness was reported to  
be negative fo r  IL parahaemolvticus s t r a in s  (Ghosh e t  al.,  1974).
Some workers have reported t h a t  f lu id  accumulation in the  l ig a te d  
i l e a l  loop  model can be produced by s t e r i l e  c u l t u r e  f i l t r a t e s .  
Sakazaki  e t  aj,., (1974) showed t h a t  t h e r e  was a s ig n i f i c a n t
d i f f e r e n c e  in  i l e a l  loop  r e a c t i v i t y  between Kanagawa p o s i t i v e  and 
n e g a t iv e  v i b r i o s  a t  18 hours  a f t e r  th e  i n o c u l a t i o n  o f  10^ c e l l s .  
Fourteen o f  16 Kanagawa p o s i t i v e  c u l t u r e s  produced d i l a t i o n  and 
inflammation in the i l e a l  loop whereas only 7 of 32 Kanagawa negative 
v ib r io s  yielded a s im i la r  reaction . Unconcentrated s t e r i l e  c u ltu re  
f i l t r a t e s  f a i l e d  t o  e l i c i t  p o s i t i v e  loop responses. Of 13 cu ltu r e  
f i l t r a t e s  concentrated 10 f o ld ,  i n c lu d in g  5 Kanagawa p o s i t i v e  and 8 
Kanagawa n e g a t iv e  s tr a in s ,  12 produced f lu id  a ccu m u la t io n  and 
in f lam m ato ry  changes in  th e  i l e a l  loop. Loop r e a c t i v i t y  o f  the  
concentrated cu l tu re  f i l t r a t e s  was destroyed by heating a t  100°C for  
15 minutes. I t  should be noted th a t  broth c u l tu re s  of the 8 Kanagawa 
n e g a t iv e  s tr a in s  f a i l e d  t o  evoke a f l u i d  response. To accoun t  f o r  
t h i s  d i sp a r i ty  in the i l e a l  loop response between broth c u l tu re s  and 
concentrated cu l tu re  f i l t r a t e s  Johnson and Calia (1976) suggested t h a t  
th e  high sodium c h l o r i d e  l e v e l s  in  th e  concentrated f i l t r a t e s  were 
responsible  for  the i l e a l  loop react ion.  However the heat  l a b i l i t y  of 
the enterotoxin response noted by Sakazaki e t  .al.,(1974) remains to  be 
e lu c id a ted .  Brown e_t .a l . ,(  1977) confirmed t h a t  lyophi l i sed  f i l t r a t e s  
regardless of Kanagawa type, as well  as a l l  s t e r i l e  broth preparations 
containing > 5% sodium chloride gave p o s i t iv e  reactions in the rabbit 
i leum. I n t e r e s t i n g l y  c rude l y s a t e s  d e r iv e d  from b ro th  c u l t u r e s  of
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Kanagawa p os i t ive  s t r a i n s  caused loop dilation; ly sa te s  supernatents  
were unreact ive.  When agar grown c e l l  ly sa te s  prepared by d isrupt ion 
in sa l in e  were dia lysed against d i s t i l l e d  water they were devoid of 
loop reactiv ity . React iv i ty  was restored in dialysands resuspended in 
s a l i n e .  Brown e t  a l . ,(1977) concluded t h a t  the  e n t e r o t o x i n  f a c t o r  
a s s o c i a t e d  w i th  th e  la rg e  c e l l  p a r t ic l e s  of  Kanagawa p o s i t i v e  V. 
p a ra h a e m o lv t i c u s  depends on s a l i n e  for  expression and resembled the 
Kanagawa haemolysin.
Since  th e  o b s e rv a t io n  a s s o c i a t i n g  Kanagawa haemolysin producing 
s tr a in s  w ith  human c a se s  o f  diarrhoea (Miyamoto .et a l . ,  1969) some 
workers have considered the Kanagawa haemolysin as an enterotoxin .  In 
1971 Obara i so la ted  a thermostable haemolysin from cu l tu re  f i l t r a t e s  
of Kanagawa pos i t ive  s t r a i n s  of V. parahaemolvticus and suggested t h a t  
the haemolysin was responsible  fo r  human pathogenicity.  Subsequently 
a number of Japanese workers p u r if ie d  th e  i s o l a t e d  haem olys in  (Zen 
Yoji  .et  a l . , 1971; Nikkawa e t  a L ,  1972 and S ak u ra i  .et a l . ,  1973); Zen 
Yoji  .et al..,( 1974) proposed th e  name e n te r o p a th o g e n ic  to x in  w h i l s t  
S a k u r a i  ejt ^ . , ( 1 9 7 3 )  p r o p o s e d  t h e  name t h e r m o s t a b l e  d i r e c t  
haemolysin. Using an immunodiffusion technique Sakurai .et a l . , (1974) 
showed th a t  the thermostable direct haemolysin was present  in Kanagawa 
p o s i t i v e  bu t  not  Kanagawa n egative  s t r a i n s  o f  V. p a r a h a e m o lv t i c u s . 
The th e r m o s ta b l e  d ir e c t  haem olys in  was l e t h a l  f o r  mice (Honda e t  
a l . ,  1976c), showed cardiotoxicity  (Honda .et .al 1976a), the haemolytic 
a c t i v i t y  was i n h i b i t e d  by GT** g a n g l i o s i d e  (Takeda e t  a l . , 1 976) and 
e l i c i t e d  f lu id  accumulation in the  l ig a ted  i l e a l  loop. In je c t io n  of 
500 ug of purified haemolysin in to  l ig a te d  r a b b i t  i l e a l  loops produced 
t h e  a c c u m u l a t i o n  o f  t u r b i d ,  b lo o d y  f l u i d  (Zen Y o j i  e^  a l . .
1974);  l o w e r  c o n c e n t r a t io n s  o f  t h e  t o x i n  were u n r e a c t iv e .  
Histopathological examination showed s ig n i f i c a n t  erosive  l e s io n s  and 
desquamation  of  n e c r o t i c  mucosae accompanied by marked neu trop h il  
i n f i l t r a t i o n  i n t o  th e  i n t e s t i n a l  w a l l .  Thus Zen Y oii e t  a l . . (  1974) 
concluded t h a t  th e  haem olys in  was probably th e  most  important  
enteropathogenic fa c to r  accounting f o r  th e  symptoms caused by 
in fec t ion  with  IL Parahaemolvticus. These f indings  were confirmed by 
Obara e t  al..(1974) who found th a t  administration of 50 ug of purified  
haem olys in  by a stomach tube  to  5 to  6 day old  mice r e s u lte d  in
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diarrhoea and death.
From th e  fo reg o in g  d i s c u s s i o n  i t  would appear  t h a t  th e  Kanagawa 
h aem olys in  i s  d i r e c t l y  r e s p o n s i b l e  f o r  the  d i a r r h o e a l  re sp o n se  
following in fec t ion  with IL parahaemolvticus. Furthermore, a r i s e  in 
antibody t i t r e  to p u r i f i e d  Kanagawa haem olys in  f o l l o w in g  i n f e c t i o n  
w i th  V. p a r a h a e m o lv t ic u s  has a lso  been d em o n s t ra ted  (Kato e t  a l . .  
1970). However there  are r epo r ts  of Kanagawa negative v ib r io s  being 
invo lved  in  human d i s e a s e  (Zen Yoji  e t  a l . , 1 970; Twedt e t  a l . .1970 ;  
Kudoh et; a i . , 1974).  The i s o l a t i o n  o f  Kanagawa n e g a t i v e  V. 
parahaemolvticus s t r a i n s  from c l i n i c a l  p a t ie n t s  may be explained by 
the work of Barrow & Mil ler  (1974). These workers found th a t  Kanagawa 
p o s i t i v e  s tr a in s  of  IL p a ra h a e m o lv t i c u s  when stored  a t  37°C in  
s e a w a te r ,  l o s t  th e ir  a b i l i t y  to  cause b e ta  h aem o ly s i s  and would be 
considered as Kanagawa n e g a t iv e  s t r a i n s .  In a d d i t i o n  Chun e t  
al.,(1974) observed th a t  the haemolytic a c t i v i t y  of Kanagawa po s i t iv e  
s t r a i n s  was depressed when grown on Wagatsuma media containing 0.005M 
EDTA. Thus i t  i s  q u i t e  p o s s i b l e  f o r  the  c l i n i c a l l y  a sso ic a te d  
Kanagawa negative s t r a i n s  to  have been environmentally or c u l tu r a l l y  
stressed in  a manner which depressed haemolysin expression. I t  should 
be noted however t h a t  l a r g e  amounts o f  p u r i f i e d  haem olys in  (500 ug) 
a re  needed f o r  p o s i t i v e  b io lo g ic a l  a c t i v i t y ;  such amounts o f  
haem olys in  a r e  u n l i k e l y  t o  be p r e s e n t  in  th e  human i n t e s t i n e .  The 
observed b i o l o g i c a l  e f f e c t s  may th ere fo re  be a consequence of  th e  
cytotoxic nature of the haemolysins (Sakurai .et al..1Q76).
As a l r e a d y  noted  IL p a ra h a e m o lv t i c u s  p roduces  a v a r i e t y  of  
haem olysins other than th e  Kanagawa haem olys in .  A h e a t  l a b i l e  
haemolysin present in  Kanagawa p os i t ive  and negative s t r a in s  has been 
p u r if ie d  by Mi w a t a  n i  .et a l . ,  (1972). The r o l e  of  th e s e  haem o ly s in s  
and r e l a te d  enzymes in  the pathogenici ty  of IL parahaemolvticus have 
not been studied. Recently, Honda .et M . , (  1976b) i so la ted  from cu l tu re  
s u p e r n a t e n t s  o f  p a r a h a e m o l v t i c u s  a f a c t o r  w hich  in d u ced  
m orp h o lo g ica l  changes  in  CHO c e l l s  s i m i l a r  to  t h a t  observed w ith  
cholera toxin. Unfortunately the a b i l i t y  fo t h i s  factor to  e l i c i t  an 
i l e a l  loop response was not invest igated .  The ro le  of t h i s  CHO c e l l  
ac t ive  toxin i s  yet  to  be es tabl ished .
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A c o n s id e r a b l e  amount oi r e s e a r c h  on th e  r o l e  of  e x t r a c e l l u l a r  
products of  IL _P_arahaemolyticus in the genes is  of g a s t r o e n t e r i t i s  has 
been conducted. From t h i s  work i t  i s  s t i l l  not possib le  to  define the 
mechanism of  th e  d i s e a s e  p ro ce ss  y e t  t h e r e  i s  no doubt t h a t  IL 
.p_araheornolyticus i s  a bonafide diarrhoeal  pathogen.
4.4 Enteropathogenicity of  Ju hvdrophila
The e n te ro p a th o g e n ic  n a t u r e  of  A. h v d ro p h i l a  in  t h e  r a b b i t  i l e a l  
loop  model was f i r s t  e s t a b l i s h e d  by Sanyal e t  a l . , (  1975). Of 14 
cu l tu re s  of ^  hvdrophila 12 gave pos i t ive  i l e a l  loop react ions .  Loop 
r a t i o s  ranged from 1-2 ml cm” * after 18 hours. No difference in the 
enteropathogenic r e a c t io n  was noted f o r  s t r a i n s  i s o l a t e d  from 
diarrhoeal and n o n d ia r rh o e a l  ch ild ren  and a d u lts  and from water. 
Subsequen t ly  Annapurna and Sanyal  (1975) r e p o r t e d  t h a t  c e l l  f r e e  
cu l tu re  supernatents  of  ^  hvdrophila caused f lu id  accumulation in the 
l i g a t e d  i l e a l  loop. This  f i n d i n g  was conf i rm ed  by Wadstrom .et 
al.,(1976); they detected 3 d i f f e r e n t  t o x i n s  in  c u l t u r e  s u p e r n a t e n t s  
o f  11 A. h v d ro p h i la  s t r a i n s .  These t o x in s  included a haem olys in  a 
c y to to x in  and an en tero tox in . The a c t i v i t y  of  th e  haem olys in  and 
cytotoxin were inactivated by heating to  56°C for  10 minutes whereas 
the enterotoxin was unaffected.
A more d e ta i le d  c h a r a c te r isa t io n  of  th e  e n t e r o t o x i g e n i c  A. 
h v d ro p h i la  s tr a in s ,  i s o l a t e d  by Wadstrom e t  a L , ( 1976), was given  by 
Ljungh e t  a l . , (  1977). Using th e  r a b b i t  i l e a l  loop, t h e  r a b b i t  sk in  
and th e  a d r e n a l  Y1 t i s s u e  c u l t u r e  a s sa y s  i t  was found t h a t  c u l t u r e  
f i l t r a t e s  from 5 of  11 Aeromonas s tr a in s  were p o s i t i v e  in  a l l  3 
e n tero to x in  assay systems; 4 s t r a i n s  were only p o s i t i v e  in  the  sk in  
and adrenal c e l l  a s say s  w h i l s t  2 s tr a in s  were p o s i t i v e  only in  t h e  
s k in  or c e l l  t e s t .  C u l tu r e  f i l t r a t e s  o f  16 A^. hvdrophila s t r a i n s  
i so la ted  from p a t ie n t s  and the  environment in India  were negative when 
te s ted  in the three  assay systems. Both the haemolytic and cytotoxic  
a c t i v i t y  were in a c t iv a te d  upon h e a t in g  a t  56^0 f o r  10 m inu tes ,  
Enterotoxic a c t i v i t y  was destroyed by heat ing a t  80°C fo r  15 minutes.  
N on con cen tra ted  e x t r a c e l l u l a r  p r o t e i n s  from 9 o f  t h e  11 
enterotoxinogenic Aeromonas strains gave one im m u n o p re c ip i t a t e  in
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double  im m unodif fus ion  in  aga rose  g e l  a g a i n s t  p u r if ie d  c h o le r a  
enterotoxin  a n t i  serum ind ica t ive  of an immunological  r e la t io n s h ip .  
However cholera toxin antiserum did not prevent f lu id  accumulation in 
th e  i l e a l  loop by Aeromonas t o x in .  Fur the rm ore  a crude g a n g l i o s i d e  
m ix tu re  a l s o  f a i l e d  t o  n e u t r a l i s e  th e  Aeromonas to x in  p r e p a ra t i o n ,  
Ihus the b io log ica l s ignificance of the cytotoxin and haemolysin were 
no t  e l u c i d a t e d  a l th o u g h  th e ir  presence  in  c u l t u r e  f i l t r a t e s  of  A^  
hvdrophila in te r f e red  with enterotoxin detection.
F u r th e r  s t u d i e s  on th e  e n t e r o t o x i g e n i c i t y  of  A. h v d ro p h i l a  were 
reported by Annapurna and Sanyal (1977). These i n v e s t i g a t o r s  t e s t e d  
the  a b i l i t y  of c u l t u r e s  and s t e r i l e  cu ltu re  s u p e r n a t e n t  of  51 A. 
hvdrophila strains, i so la te d  from diarrhoeic  and heal thy human faeces,  
d r in k in g  water, sewage, th e  r i v e r  Ganges and f a e c e s  from d om es t ic  
animals,to cause f lu id  accumulation in ligated  rabbit i l e a l  loops. (In 
t h i s  paper a d i sp a r i ty  between the actua l  number of s t r a in s  l i s t e d  in 
the  ta b le s  of  r e s u l t s  w i th  t h a t  in  th e  t e x t  e x is te d  -  th e  tabular  
r e s u l t s  a r e  d i s c u s s e d  h e re ) .  Of 51 l i v e  c u ltu r e s  t e s t e d  48 caused 
f lu id  accumulation in rabbit i l e a l  loops. Loop r a t i o s  ranged from 0.5 
-  2.00 f o r  A^  h v d ro p h i l a  and 0.8 -  1.5 for th e  p o s i t iv e  V. ch o lerae  
control. Tae three s t r a i n s  tha t  gave no f lu id  accumulation on f i r s t  
t e s t i n g  became p o s i t iv e  a f te r  two s e r i a l  p a ssag es  in  rab b it  i l e a l  
loops .  Culture f i l t r a t e s  prepared from a l l  of  th e  51 s tr a in s  o f  A. 
h v d ro p h i l a  a l s o  gave p o s i t i v e  r e a c t io n s  in i l e a l  loops .  Thus 
i r r e s p e c t iv e  of  i s o l a t i o n  source th e  m a j o r i t y  o f  A. h v d ro p h i l a  were 
found to  be enterotoxigenic .
Some s tr a in s  of  A. sobria  and A. h v d ro p h i l a  i s o l a t e d  from h e a l t h y  
and from moribund f i s h  have been r e p o r t e d  to  g ive  p o s i t i v e  r a b b i t  
loops  and or  s u c k l in g  mouse r e a c t io n s  (Boulanger e t  a l . , 1977). 
Although experim ental d e t a i l s  of  th e  a s s a y s  were no t  given  i t  was 
stated t h a t  s t e r i l e  cu l tu re  f i l t r a t e s  from 8 stra ins of  ^  sobria  gave 
both p o s i t i v e  suck lin g  mouse and r a b b i t  loop  t e s t s .  Only 4 o f  13 
s t r a i n s  were p o s i t iv e  in  th e  s u c k l in g  mouse t e s t .  An antiserum  
p repared  a g a i n s t  crude en tero to x in  from A. s o b r i a  n e u t r a l i s e d  the  
e n t e r o t o x i c  a c t i v i t i e s  of  th e  homologous s tr a in  and a A. hvdrophila  
s t r a in  but not the a c t i v i t y  of an E^ . co l i  s t r a in .
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The n e u t r a l i s a t io n  of hvdrophila enterotoxin  in the r ab b i t  i l e a l  
loop  model by homologous antiserum was dem ons t ra ted  by Dubey and 
Sanyal (1979). S t e r i l e  cu l tu re  supernatents  and concentrated cu l tu re  
f i l t r a t e s  from 6 A. h v d ro p h i la  s t r a i n s  caused th e  accu m u la t io n  of  
f l u i d  in  i l e a l  loops .  Heating t h e  f i l t r a t e s  to  60^C f o r  20 m inu tes  
r e su l ted  in l o s s  of enterotoxic a c t iv i t y .  S im ila r ly  a n t i s e r a  ra ised  
t o  t h e  c o n c e n tr a te d  c u l t u r e  f i l t r a t e s  n e u t r a l i s e d  t h e  f l u i d  
accumulating a b i l i ty  of the e x t r a c e l lu l a r  toxins  of  hvdrophila. In 
t h i s  study th e  concentrated cu ltu r e  f i l t r a t e s  co n ta in ed  a f a c t o r ( s )  
w h ic h  was non d i a l y s a b l e ,  h e a t  and a c id  l a b i l e ,  a n t i g e n i c ,  
proteinaceous and induced f lu id  accumulation in the rabbit i l e a l  loop. 
The relationship of t h i s  factor(s) to  the cytotoxins and haernolysin(s) 
was not inves t iga ted  by these workers.
In an attempt to  resolve some of the confusion e x is t ing  between the 
r e l a t i o n s h i p  of  c y t o t o x i c ,  h a em o ly t ic  and e n te r o to x ic  fa c to r s  of  A. 
h v d ro p h i la  Donta & Haddow (1978) s tu d i e d  23 aeromonads i n c l u d i n g  
Wadstrom’s 11 e n t e r o t o x i g e n i c  A. h v d r o p h i l a s tr a in s .  Most s tr a in s  
(19/ 23) demonstrated cytotoxic  a c t i v i t y  on Y1 adrenal and H(Aa c e l l s .  
In the adrenal c e l l  l i n e  the cytotoxin i n i t i a l l y  caused some roundings 
of c e l l s ;  by 3 hours many c e l l s  excluded the v i t a l  dye trypan blue and 
by 24 hours  c e l l s  were d islodged  from th e  p la te  s u r f a c e .  None of  7 
i so la te s  of A. hvdrophila induced steriodogenesis in adrenal c e l l s  and 
none of  2 i s o l a t e s  a c t iv a te d  adenylate c y c la se .  Donta and Haddow 
( 1978) f a i l e d  to  demonstrate e n t e r o to x ic i t y  of  th e  11 Wadstrom 
i s o l a t e s  in  t h e  l i g a t e d  rab b it  i l e a l  loop  as say .  Some c u l t u r e  
f i l t r a t e s  did produce a haemorrhagic type necro t ic  reaction in rabbit 
loops  bu t  as  only l i m i t e d  f l u i d  accum ula ted  in  th e  loops  they  were 
considered n e g a t iv e .  Thus th e s e  workers could  only demonstrate a 
cytotoxin which was heat l a b i l e  and non dialyzable.
The r e s u l t s  of  Cumberbatch e t  a l . ,1979, although r e fu t in g  the  
presence of a cytotonic enterotoxin ,  confirmed that some A. hvdrophila 
produced an extracellu lar f a c to r  which s timula ted  f lu id  secretion in 
the  rabbit i l e a l  loop. Of 96 A. hvdrophila strains te s ted  66 produced 
a c y to to x in  and a haem olys in .  Of fo u r  c y to to x in  producing s tr a in s  
t e s t e d  in  th e  i l e a l  loop assay  3 produced f l u i d  accum ulation in  th e
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rab b i t  loop assay. With whole cu l tu re s  loop ratios  ranged from 0.29 -  
1.57 w h ilst  with cu l tu re  f i l t r a t e  loop r a t i o s  ranged from 0.75 -  1.67. 
Cy to tox in  p ro d u c t io n  co r re la ted  with lysine  decarboxylase 
a c t i v i t y  and a po s i t iv e  Voges-Proskauer reaction. Cytotoxin production 
a lso  co r re la ted  with diarrhoeal  disease  : of  40 d iar rhoeal  i s o l a t e s  32 
(80%) were toxigenic  compared to 9 (41%) of 22 nondiarrhoeal i s o l a t e s  
(p = 0.004). Cumberbatch and h i s  col leagues (1979) concluded t h a t  "A. 
hvdrophila can be a cause of diarrhoea and th a t  t h i s  enteropathogenic 
po ten t ia l  i s  mediated by a cytotoxic enterotoxin".
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5 Gene t r a n s f e r  in  Vibrio cholerae
A v a r i e t y  of  im p o r ta n t  p r o p e r t i e s  of  m ic roo rgan ism s  a r e  p lasm id  
media ted .  P lasm ids  a re  non e s s e n t i a l ,  extrachrornosomal ,  g e n e t i c  
e l e m e n t s  t h a t  r e p r e s e n t  a s t a b l y  i n h e r i t e d ,  b u t  d i s p e n s a b l e  
autonomously r e p l i c a t i n g  gene pool in  b a c t e r i a  (Gvles  e t  a l . , 1 974). 
The most notorious b a c te r i a l  plasmids are  the R fac to rs ,  which confer 
a n t i b i o t i c  r e s i s t a n c e  upon c e l l s .  More r e c e n t ly  i t  has been 
dem o n s t ra ted  t h a t  sev era l  im p o r t a n t  p r o p e r t i e s  of enteropathogenic 
b a cter ia  a re  p lasm id  media ted .  S t r a i n s  o f  E. c o l i  r e s p o n s i b l e  f o r  
d i a r r h o e a  in  p ig s  p o s se s s  t r a n sm is s ib le  p la sm id s  which govern th e  
control  of en terotoxin  production (Smith & Hall,  1968), synthesis of 
t h e  K88 adh es iv e  f a c t o r  (Orskov and Orskov, 1966) and h aem o ly s i s  
s y n t h e s i s  (Smith and H a l l ,  1967). The e n t e r o t o x i n s  and adh es iv e  
fa c to r s  of  EL c o l i  s t r a i n s  which cause  human diarrhoeas a r e  a l s o  
plasmid mediated (Smith & Linggood, 1971; and Evans e t  A.., 1975). In 
V. cholerae 01 the genet ic  determinants for  cholera toxin production 
appear to be located on the chromosome next to  the gene fo r  h i s t i d in e  
s y n t h e s i s  (V as i l  .et A . . ,  1975). I t  i s  n o t  known whether  th e  adhesive  
fa c to r s  in  A  cholerae (or  whether the  en tero to x in  in  NCVs) i s  
contro lled  by chromosomal DNA or by plasmid DNA, as in A  c o l i .
5 .1 .  Conjugation in V. cholerae
A conjugal system which mediates the transfer of chromosomal genes 
was discovered in lA cholerae 01 by Bhaskaran (1958). The t r a n s f e r  of 
chromosomal genes' was f a c i l i t a t e d  by a f e r t i l i t y  factor designated the 
P f a c to r  (Bhaskaran, I960). V. cholerae c e l l s  possessing the P factor  
produced plaque l ik e  c lear ings  ca l led  lacunae when plated on lawns of 
cholera v ib r io s  lacking the P factor. I t  has been suggested th a t  the 
’lacunae’ were bacteriophage plaques (Bhaskaran, 1958) or bacteriocin  
i n h i b i t i o n  zones (Bhaskaran,  1960). More r e c e n t l y ,  Parker  & Rornig 
(1972) concluded t h a t  the lacunae were s i t e s  of ac t ive  mating. Two V. 
cholerae 01 s t r a in s ,  an Ogawa and an Inaba serovar, both which lacked 
the P fac to r  and had different n u t r i t i o n a l  requirements,  were used by 
Bhaskaran in  a s e r i e s  of g e n e t i c  c r o s se s  to  map part o f  t h e  V. 
cholerae 01 genome (Bhaskaran, 1974). The sequence of genet ic  f a c to r s
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in  IL cholerae 01 was in fe r red  as:
strep to m y cin ..p u r in es .. iso leu c in e+ v a lin e ..O  ant igen..arginine .. leucine.  
. . h i s t i d i n e
in a s i n g l e  l i n k a g e  group. The P fa c to r  of V. c h o le r a e  01 was found 
to  have a molecular weight of approximately 80 m il l ion  dal tons  and a 
%GC composition of 42 (Datta e t  al..1Q73).
A second t r a n s m i s s i b l e  f a c t o r ,  d e s ig n a te d  th e  V f a c t o r ,  was 
i d e n t i f i e d  in  a MCV s t r a i n  (Bhaskaran & Sinha,  1971). The V f a c t o r ,  
u n l ik e  th e  P fa c to r ,  was not  capab le  of  m e d ia t in g  chromosomal gene 
t r a n s f e r  but was transm issible from c e l l  to c e l l .  Although the P and 
V f a c t o r s  were c o m p a t ib le  and c o e x i s t e d  in  th e  v i b r i o  c e l l ,  a 
phenomenon o f  rep ress io n  o f  P was observed in  th e  p resence  of  th e  V 
f a c t o r .  In a g e n e t i c  c ro s s  between an NCV d e s ig n a te d  0-165 ( s t r - s  
i l v ^  0165 arg* h is+  p” V^) and a V. cholerae 01 s t r a i n  V58SR ( s t r - r  
i l v “ 0 Og a rg"  h i s "  p"^  v " ) ,  Bhaskaran and Sinha 1971 d em o n s t ra ted  a 
s h i f t  of a chromosomal region coding fo r  0 ant igenic  s p e c if ic i ty  from 
NCV 165 to  V. cholerae 01. The recombinant s t r a i n  required the genes 
encoding f o r  th e  sy n th e s is  of  i s o l e u c i n e  and v a l i n e  and t h e  genes  
sp e c ify in g  th e  0 a n t i g e n  of  NCV s t r a i n  165. The l i n k a g e  of  the  
unselected 0 antigen with ilv'^" indicated t h a t  the 0 region in NCV 165 
and V. cholerae 01 s tr a in  V58SR were a l l e l i c .  U nfortunately  t h e  
serotype of NCV s t r a in  165 was not given. Nevertheless Bhaskaran and 
Sinha (1971) showed t h a t  in the laboratory  the genes encoding non 01 
s p e c i f i c i t y  could betransferred in to  a 01 IL cholerae.
The p a t h o g e n i c i t y  o f  IL c h o le r a e  b io ty p e  cholerae (569B) i s  
apparently suppressed by th e  p resence  of  P and V plasm ids (Sinha & 
Srivastava,  1978a). In th e i r  experiments Sinha & Srivastava (1978a) 
showed t h a t  a s ig n i f i c a n t  d i f f e r e n c e  in  i l e a l  loop  d is te n s io n  was 
obtained between s t r a i n s  harbouring either the P or V fac to r  compared 
t o  th o se  w i th o u t  such f a c t o r s .  With an inoculum of 1.3 -  2.00 x 10^ 
c e l l s  ml” "* a loop r a t i o  of  1.13 was produced by the 569B p"V“ stra ins  
whereas 569B s t r a i n s  p o ssess in g  e i t h e r  th e  P or  V fa c to r  f a i l e d  to  
e l i c i t  f lu id  accumulation. This e f f e c t  was attributed to  a decreased 
s y n t h e s i s  of  c h o l e r a  to x in  s in ce  plasmid c a r r y i n g  s t r a i n s  produced
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q u an t i t a t iv e ly  more enterotoxin  as measured by the r a b b i t  skin assay. 
There was no d i f f e r e n c e  in  th e  i l e a l  loop  r e sp o n s e s  o f  A  ch o lerae  
b io ty p e  El Tor which harboured  e i th e r  the  P or  V f a c t o r  compared to  
the  p lasm id  f r e e  parent s t r a i n .  The work on th e  V. cholerae b io ty p e  
cholerae s t r a i n  was extended to  show th a t  c e l l s  harbouring both P and 
V p la sm id s  f a i l e d  t o  cause experim ental c h o le r a  in  i n f a n t  ra b b its  
(Sinha & S rivastava  1978b). I n f a n t  r a b b i t s ,  i n t r a i n t e s t i n a l l y  
in ocu la ted  w ith  1-2 x 10^ c e l l s  o f  569B h a rb o u r in g  bo th  P and V 
fac to r ,  remained heal thy up to  48 hours. Two successive passages of a 
PV c h o le r a  s tr a in  in  r a b b it ’s i n t e s t i n e  d id  not r e s u l t  in  plasmid  
lo s s ;  a l th o u g h  no t  s ta te d  i t  would appear  t h a t  v i r u l e n c e  was n o t  
enhanced by an im al  passage  e i th e r .  Sinha and Srivastava  (1978b) 
proposed t h a t  th e  p lasm id  b e a r in g  PV cholera  s tr a in s  may be used as  
a l i v e  o r a l  v a c c in e .  However before such use  i t  would be prudent t o  
e s t a b l i s h  th e  n a tu r e  of  to x in  suppression as t h e i r  e a r l i e r  s t u d i e s  
suggested th a t  toxinogenic i ty  was not completely lo s t .
5.2 Plasmids in V. cholerae
As w e l l  as c o n t a in in g  a sex f a c t o r  some s t r a i n s  o f  V. c h o l e r a e  01 
possess fac tor(s)  which t r a n s f e r s  a n t i b i o t i c  resistance, the so ca l led  
R fa c to r s .  Plasmid  t r a n s f e r  in  A  ch olerae  was f i r s t  r e p o r t e d  by 
Baron and Falkow (1961); they tra n sferred  a p lasm id  c a r r y i n g  genes  
con tro l l ing  lac to se  fermentation from Salmonella tvohi to  A  cholerae. 
In  another s tudy  Kuwahara e t  .a l . , (1 963) conf i rm ed  V. cholerae could  
a c q u i r e  R f a c t o r .  Using 19 s t r a i n s  of  V. c h o le r a e  b io ty p e  cholerae  
(5) and b io ty p e  El Tor (14) a s  r e c ip ie n t s  and a s t r a i n  o f  S h i g e l l a  
f lexner i  carrying an R factor as the donor, a n t ib io t i c  re s i s ta n ce  was 
transferred t o  the cholera v ib r io s  with a frequency varying from 10^ 
to  10^. The drug r e s i s t a n t  V. c h o le r a e  r e c i p i e n t s  were a l s o  a b l e  to  
tra n sfer  the  R f a c t o r  t o  drug s e n s i t i v e  A  tv o h i  and Sh. f le x n e r i  
s t r a i n s  which in  t u r n  i n f e c t e d  E. c o l i  s t r a i n s .  I t  was a l s o  shown 
t h a t  th e  r e s i s t a n t  c h o le r a  v i b r i o s  l o s t  t h e  R f a c t o r s  when grown on 
a n t i b i o t i c  f r e e  media. F u r th e r  experim ents showed t h a t  R f a c t o r s  
could also be transferred from Sh. f lexneri to  NCVs and A  hvdrophila 
and from A. hvdrophila t o  V. c h o le r a e  01 (Abe e t  a l . . 1 966).
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L a te r  Abe e t , ^ . . , (1 9 6 7 )  made a d e t a i l e d  s tudy  of  the  t r a n s m i s s i o n  
o f  an R f a c t o r  from a donor s t r a i n  o f  Sh. f l e x n e r i  ( r e s i s t a n t  to  
su lp h am i lam id e ,  t e t r a c y c l i n e ,  ch loramphenicol  and streptomycin) to  
r e c i p i e n t  s t r a i n s  o f  V. cholerae  01(4); NCVs (5) and A. h v d ro p h i la  
(4).  One of  th e  5 NCV s tr a in s  and one of  th e  two El Tor v i b r i o s  
f a i l e d  to  accept the R factors. All the other s t r a in s  were competent 
r e c ip ie n t s  and the transmiss ion frequency varied from s t r a i n  to  strain  
and between d ifferent s e le c t iv e  procedures used fo r  i so la t io n .  When 
t e t r a c y c l i n e  was used as a s e l e c t i v e  agent t ransmiss ion  frequencies  
fo r  cholerae 01 ranged from 10"° to  10”^ and from 10“^ to  10"? for
NCVs. Higher frequencies  were obtained when chloramphenicol was used 
as the s e le c t iv e  agent, f lu c tu a t in g  from 10“^ to  10"? fo r  cholerae 
and from 10"^ to 10“^ for  NCVs, The t ransm it ted  r e s i s ta n c e s  in Vibrio 
s t r a i n s  were general ly  lower than the donor s t r a i n s  although colonies  
i s o l a t e d  on c h l o r a m p h e n i c o l  w ere  r e s i s t a n t  t o  a l l  t h e  f o u r  
a n t ib io t i c s .  The R fac to r  was l o s t  a f t e r  transfer to drug f r e e  media. 
The s t a b i l i t y  of thermosensitive and nonthermosensitive R fa c to r s  in 
V. cholerae 01 was i n v e s t i g a t e d  by Yokota e t  _al., (1972). They found 
t h a t  the nonthermosensitive R fa c to rs  were unstable  in V. cholerae and 
were r a p i d l y  e lim in a ted  from the  s t r a i n s .  The th e r r a o s e n s i t i v e  R 
fa c to r ,  were s t a b l e  in  V. cholerae a t  25^C b u t  were e l i m i n a t e d  from 
host c e l l s  a t  42°C a t  a r a t e  accompanying c e l l  d i v i s i o n .  Thus at  
25°C; the temperature of many t ro p ica l  water, lA, cholerae can inherit  
t h e r m o s e n s i t i v e  R fa c to r s  and c o n se q u e n t ly  may become m u l t i p l e  
a n t ib io t ic  r e s i s t a n t .
In th e  l a b o r a t o r y  a r t i f i c a l l y  tra n sferred  R f a c t o r s  tend  t o  be 
u n s t a b l e  and a re  e l i m i n a t e d  by s u c c e s s iv e  s u b c u l t u r e  in  drug fr e e  
media. Fortunate ly a sim ilar s i tu a t io n  appears to  e x i s t  for  naturally  
occurring R factors in cholerae 01. Mult iple  a n t i b i o t i c  res is ta n t  
cholera v i b r i o s  a r e  ra re ly  i s o l a t e d .  In a survey of  th e  a n t i b i o t i c  
s u s c e p t ib i l i t y  of  1500 s t r a i n s  of  V. cholerae El Tor a l l  s t r a i n s  were 
h ig h ly  s e n s i t i v e  t o  dihydroxymethyl-furalazine and most were highly 
s e n s i t i v e  t o  t e t r a c y c l in e  h y d r o c h lo r id e ,  c h l o r a m p h e n i c o l  and 
e ry th rom yc in  and m o d era te ly  s e n s i t i v e  to  novobiocin, streptomycin, 
kanamycin and neomycin (Kuwahara ^  a_l.,1967). Four m u l t i p l e  drug 
r e s i s t a n c e  s t r a i n s  w e re  fo u n d ;  one s t r a i n  was r e s i s t a n t  t o
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t e t ra cy c l in e ,  chloramphenicol, streptomycin and sulphanilamide w h i ls t  
the other 3 s t r a i n s  were r e s i s t a n t  to  chloramphenicol, streptomycin 
and siilphanilamide. S imilar  r e s u l t s  were obtained in a survey of 252 
V. cholerae s t r a i n s  i s o l a t e d  a t  the  Cholerae Research C en tre ,  
Calcutta ,  from hosp i ta l  cases,  l a t r i n e  samples and carriers (Prescot t  
^ ^ . , 1 9 6 8 ) .  Of 225 cholera v ib r io s  examined 8 posses sed  m u l t i p l e  
drug r e s i s ta n ce  but transferable R fac to rs  were only demonstrated in 4 
s t r a i n s .  The R f a c t o r s  carried  r e s i s t a n c e  to  s u l f a d i a z i n e ,  t r i p l e  
sulfonamine and erythromycin. In ad d it io n , 2 o f  th e se  R fa c to r s  a l s o  
c o n ta in ed  r e s i s t a n c e  to  t e t r a c y c l in e .  The g lo b a l  in c id en ce  of 
a n t i b i o t i c  resistance in Vj. cholerae 01 was determined by O'Grady e t  
a l . , (  1976). Of 1156 s tr a in s  of  V. cholerae  i s o la t e d  from v a r i o u s  
p a r t s  o f  t h e  w o r l d  1127 w ere  f u l l y  s e n s i t i v e  to  a m p i c i l l i n ,  
c h lo ram p h en ico l ,  t e t r a c y c l i n e ,  f u r a z o l i d o n e  and t h r e e  d i f f e r e n t  
sulphonamides; 27 showed s ta b le  and reproducible resistance to  one or 
more of these agents and 2 proved to be am pic i l l in  resistant. O'Grady 
e t  M.,(1976) d is t inguished  two kinds of sulfonamide r e s i s tan ce  : the 
f i r s t  was of high order (minimal in h ib i to ry  concentrat ion of  100 mg 
ml"1) and th e  second was o f  moderate degree  only.  These workers 
f a i l e d  to  transfer an tib io t ic  r e s i s ta n c e  from IL cholerae to  co l i  
by conjugation.
The m olecular n a t u r e  of  th e  R f a c to r s  in  V. c h o le r a e  has no t  been 
e x t e n s i v e l y  s t u d i e d .  Rahal ^  a j , . , ( 1 9 7 3 )  were t h e  f i r s t  t o  
c h a r a c te r ise  a V. cholerae  R f a c t o r .  The c h o le r a  s tr a in  s t u d i e d  by 
Rahal e t  a l . , ( 1 973) was i s o la t e d  in  A lg e r i a  in  1971 and carr ied  an R 
fa c to r  which c o n fe r r e d  r e s i s t a n c e  to  a m p i c i l l i n ,  s t r e p to m y c in ,  
tetracycline, chloramphenicol, kanamycin and sulphonomides. This  R 
fa c to r  was id e n t i f i e d  as a member of c o m p a t i b i l i t y  group 6 which 
corresponds with the AC complex in the system of Datta and colleagues 
(see  Hedges & Jacob,  1975). S i m i l a r l y ,  a c l i n i c a l  s tr a in  of  V. 
c h o le r a e  El Tor i s o la t e d  in  Russia  carried  an R fa c to r ,  d esignated  
R94, which conferred r e s i s t a n c e  to  streptom ycin , t e t r a c y c l i n e  and 
chloramphenicol. Plasmid R94 was t ra n s fe rab le  from ]A cholerae to  E. 
c o l i . was i d e n t i f i e d  as  a member of  c o m p a t ib i l i ty  group C and 
possessed  a m olecular w eigh t  o f  98 m egada l tons  (Hedges and Jacobs ,
1975). In an o th e r  s tudy (Hedges e t  ^ . , 1 9 7 7 )  examined t h e  m u l t i p l e
a n t i b i o t i c  r e s i s t a n t  ]A cholerae described by 0’Grady et al.,(1976) and 
found th a t  many s t r a in s  upon r e t e s t i n g  were a n t i b i o t i c  sens i t ive .  Of 
16 s t r a i n s  which r e t a i n e d  a n t i b i o t i c  r e s i s ta n ce  f iv e  were e f f e c t iv e  
donors  and t r a n s f e r r e d  r e s i s t a n c e  t o  ^  c o l i . One p lasm id  which 
c o n f e r r e d  r e s i s t a n c e  to  s t rep to m y c in ,  t e t ra cy c l in e ,  chloramphenicol 
and s u l f a f u r a z o l e ,  was n o t  tr a n sfe r a b le  t o  Ej^  c o l i  or to  other V. 
cholerae s t r a in s .  This non transm issible plasmid was mobilised for  
transfer to  ^  co l i  K12 but was unstably inhe r i ted  in th a t  host.  The 
5 c o n j u g a t i v e  p la sm id s  were i d e n t i f i e d  as members of com pat ib i l i ty  
group C. Hedges e t  a l . .(1977) concluded th at  th e  R p lasm id  s e t  o f  V. 
ch o lerae  was dominated by p la sm id s  o f  c o m p a t i b i l i t y  group C. They 
a l s o  noted  t h a t  plasm ids of c o m p a t ib i l i ty  group P a r e  r e a d i ly  
transmissible to,  s tab ly  inherited in,  and able to  express r e s i s ta n ce  
in V. cholerae and speculated th a t  such plasmids would sooner or l a t e r  
be found in  vibrios.
The c l i n i c a l  s i g n i f i c a n c e  of  m u l t i p l e  a n t i b i o t i c  r e s i s t a n t  V. 
cholerae s t r a i n s  was r e c e n t l y  r e a l i s e d  du r ing  cholera o u tb re a k s  in  
Tanzania  (Mhalu et. ,1979) and Bangladesh  ( T h r e l f a l l  e t  a l . .1980). 
The fourth  recorded epidemic of cholera in Tanzania began in October 
1979(Mhalu e t  ^ . , 1 9 7 9 ) .  As an a d ju n c t  t o  f l u i d  and e l e c t r o l y t e  
replacement therapy t e t r a c y c l in e  was given to p a t ie n t s  and to  close  
c o n t a c t s .  A f te r  3 months i t  was n o t i c e d  th a t  p a t ie n ts  c o n t in u e d  to  
excrete  cholerae after the f u l l  course of tetracycline or acquired 
cholera during or soon after t e t r a c y c l in e  chemoprophylaxis. A study 
of the a n t i b i o t i c  s e n s i t i v i t i e s  of the s t r a i n s  i so la te d  during a f iv e  
month p e r io d  of  th e  epidemic r e v e a l e d  t h a t  t h e s e  organisms had 
a c q u i r e d  r e s i s t a n c e  to  t e tr a c y c l in e .  S t r a i n s  i s o la t e d  d u r in g  the  
f i r s t  month after the disease  was recognised were f u l ly  s e n s i t iv e  to 
tetracycline but 76% of i so la te s  were r e s i s t a n t  to  the drug a f t e r  f iv e  
m o n th s  o f  e x t e n s i v e  u se  o f  t e t r a c y c l i n e  t h e r a p e u t i c a l l y  and 
prophylact ica l ly .  In t h i s  period 1788 Kg of t e t r a c y c l in e  had been used 
in  the cholera control programme. Of 21 cholerae s t r a i n s  i so la te d  
from different areas  of Tanzania 8 s t r a i n s  t ran fe r red  to  E±. co l i  K12 a 
p la sm id  ( d e s i g n a t e d  pUNlOO) w h ich  c o n f e r r e d  r e s i s t a n c e  t o  
tetracycline, am pic i l l in ,  sulphonamides, ch lo ra m p h en ic o l ,  kanamycin 
and streptomycin. One of the remaining stra ins  transferred to  E&. c o l i
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K l2 a sec o n d  p l a s m i d  (pUNIOI) which  c o n f e r r e d  r e s i s t a n c e  t o  
am pic i l l in ,  sulphonamides and kanamycin only. Both plasmids belonged 
to  t h e  C i n c o m p a t a b i l i t y  group (Towner e t  a l . ,  1979). At th e  
beg inn ing  of  a s e a so n a l  cholera outbreak i n  th e  Matlab area of 
Bangladesh a s tr a in  of  V .chole rae  b io ty p e  El Tor was found t o  be 
r e s i s t a n t  t o  t e t r a c y c l i n e , a m p i c i l l i n ,  kanamycin, streptom ycin  and 
trimethoprim-sulphamethoxazole (Huq et 1980b). In the f i r s t  month 
5% of strains were drug res istan t, by the four th  month 36% of strains  
were r e s i s t a n t .  Ten of  th ese  s t r a in s  p ossessed  plasm ids of  th e  C 
i n c o m p a t i b i l i t y  group ( T h r e l f a l l  e t  ^ . ,  1980). Plasmids from 4 
strains conferred resistance to  am pic i l l in ,  kanamycin, streptomycin-  
spectinomycin, te t ra cy c l in e ,  sulphonamides and trimethoprim. Plasmid 
from the remaining 6 strains differred by f a i l i n g  to  confer resistance  
to  streptomycin and spectinomycin (3) or streptomycin, spectinomycin 
and kanamycin.
With the  advent of g e n e t i c  engineering  many t e c h n iq u e s  f o r  th e  
rapid  recognit ion of recombinant plasmids have been developed (Telford 
e t  ^ . . ,1 9 7 7 ;  Barnes, 1977). One such procedure determ ines t h e  
p resence  and s i z e  of  c e r t a i n  ty p e s  of  p la sm id s  by a n a ly s in g  a sm all  
amount of  a b a c te r ia l  colony growing on an agar  p l a t e .  In t h i s  
te ch n iq u e  a s i n g l e  colony i s  picked w i th  a f l a t  end of  a sm a l l  
toothpick, suspended in  e le c tr o p h o r e s is  b u ffer ,  l y sed  by d e t e r g e n t  
w h i l s t  a t  60°C. The r e su l t in g  colony l y sa te  i s  applied to  an agarose 
g e l  f o r  e le c tr o p h o r e s is .  After e le c tr o p h o r e s is  t h e  agarose g e l  i s  
stained with ethidium bromide and the chromosomal and plasmid DNA i s  
v i s u a l i s e d  by s h o r t  wave u l t r a v i o l e t  i l lu m in a t io n .  Up t o  tw en ty  
d i f f e r e n t  samples can be analysed w i t h i n  5-6 hours .  This  technique  
would appear t o  o f f e r  many advan tages  in  th e  screen ing of  a l a r g e  
numbers of s t r a in s  for  plasmids since the presence of plasmids would 
be d i r e c t l y  v i s u a l i s e d  a l t h o u g h  t h e i r  f u n c t i o n  would  n o t  be 
determined. In some cases the mere absence of bacterial plasmids i s  
o f  s ig n i f ic a n c e .  For in sta n ce , i t  i s  no t  known whether t h e  genes  
controlling enterotoxin  synthesis  in  NCVs i s  chromosomally or plasmid 
mediated however by the above technique the absence of plasmid bands 
i n  t o x i g e n i c  NCVs would i n d i c a t e  t h a t  th e  genes  f o r  t o x in  s y n t h e s i s  
were chromosomally located. Thus the s ingle  colony ly sa te  procedure
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appears to  be of g rea t  p o ten t ia l  value but i t s  p r a c t i c a l  s ign if icance  
needs to  be evaluated.
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6. Computer c l a s s i f i c a io n
6.1 Numerical taxonomy
One aim of  b a c t e r i a l  c l a s s i f i c a t i o n  i s  t o  c lu s t e r  b a c t e r i a  w i th  
c e r t a i n  c h a r a c t e r s  in  common i n t o  man made groups.  The groups so 
formed are  given names and s p e c i f ic  rank within  a taxonomic hierarchy. 
Two approaches  a re  commonly used t o  d e f in e  b a c t e r i a l  groups.  The 
f i r s t ,  exemplified by c l a s s i c a l  b a c te r i a l  systematics ,  def ines  groups 
on the  b a s i s  of  a s e r i e s  of  s in g le  c h a r a c t e r s .  Such a r b i t r a r y  
g roup ings  a r e  termed m ono the t ic .  In th e  second approach th e  
s i m i l a r i t y  between bac te r ia  i s  assessed numerically  and on the bas is  
of these a f f i n i t i e s  bac te r ia  are arranged in to  groups. Groups defined 
on a number of c h a r a c t e r i s t i c s  are termed poly thet ic .  The process of 
n u m e r ic a l ly  e v a l u a t i n g  th e  a f f i n i t y  or s im i l a r i t y  between b a c te r i a l  
s t r a in s  and the ordering of these s t r a i n s  in to  groups on the bas is  of 
t h e i r  a f f i n i t i e s  has  been d e s c r ib e d  by Sokal and Sneath  (1963) as  
'numerical taxonomy*. The rationale of numerical taxonomy i s  based on 
the ideas promulgated by Adanson and revived by Sneath (1957). Since 
th e  th e o r e t ic a l  b a s i s  of  nu m er ic a l  taxonomy can be found in  s e v e r a l  
textbooks (Sokal and Sneath, 1963; Sneath and Sokal, 1973 and Clifford  
and Stephenson, 1975), only the general p r in c ip le s  w i l l  be summarised 
h e re  and d i s c u s s i o n  l i m i t e d  to  t h a t  re levan t  to  the project.
In most taxonomic analyses the se lec t ion  of s t r a i n s  i s  governed by 
a simple study defin ition . For instance ,  the study may be r e s t r i c t e d  
to  : "Gram n eg a tiv e ,  f e r m e n t a t i v e ,  rod shaped organisms" .  From a 
co l lec t io n  of bacteria with such c h a r a c t e r i s t i c s  are se lec ted  s t r a i n s  
f o r  the  taxonomic s tudy.  I d e a l l y ,  s e l e c t e d  s tr a in s  should  in c lu d e  
type strains of the known species  under consideration, representatives  
of  s i m i l a r  s p e c ie s  and f r e sh ly  i s o l a t e d  s tr a in s  from d i v e r s e  
ecological  and geographical sources. Once a reasonable c o l lec t io n  of 
s t r a i n s  has been assembled under the foregoing contraints, they must 
be compared in some way. Host b ac te r io log ica l  t e s t s  are q u a l i t a t i v e  
in th a t  a simple presence or absence i s  noted. Such t e s t s  are ca l led  
c h a r a c t e r s  and f o r  numerical taxonomy Sneath  and Sokal (1973) have 
defined a u n i t  c h a r a c t e r  as  " a taxonomic character of  two or  more
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s ta tes ,  which within the  study a t  hand cannot be subdivided lo g ica l ly  
e x c e p t  f o r  s u b d iv i s i o n  b rough t  about  by th e  method of  coding". 
C h a ra c te r s  f o r  a taxonomic s tudy should  be r e l ia b le  and should  
represent morphological,  n u t r i t i o n a l  and biochemical properties of the 
organisms. As many independant c h a r a c t e r s  as  p o s s i b l e  should  be 
examined and Sneath and Sokal recommended a minimum of 60 characters. 
The pr im ary  axiom of  n u m er ica l  taxonomy i s  th a t  every character i s  
given equal weight in constructing a c la ss if ic a t io n .  For computation 
th e  c h a r a c t e r i s a t i o n  data must be coded in to  a s u i t a b l e  format, th e  
coding of characters i s  of paramount importance since an element of 
d i f f e r e n t i a l  w eighting may be introduced. The end produc t  of  th e  
coded characters  i s  expressed in  tabular form and c o n s is t in g  o f  th e  
to ta l  number of strains scored for  each coded character .  Characters 
found to be a l l  positive  or a l l  negative are excluded from the tab le  
because they have no discriminatory value and i f  l e f t  would r a i s e  the 
s im ilar ity  exhibited by strains.
Once the data matrix has been compiled the individual  s t r a i n s  are 
compared and their s i m i l a r i t i e s  a re  e s t i m a t e d .  O verall s i m i l a r i t y  
between s tr a in s  can be c a l c u l a t e d  by t h r e e  d i f f e r e n t  c o e f f i c i e n t s ,  
namely those of assoc ia t ion ,  of correlation and of dis tance. They are 
c o l l e c t iv e ly  re fe r red  to  as co e ff ic ien ts  of s im ilar ity . In microbial 
sy s te m a t ic s  c o e f f i c i e n t s  of  s im i l a r i t y  a re  n o rm a l ly  used.  The 
s im i l a r i t y  between any pair of strains can be es timated by the simple 
matching  c o e f f i c i e n t  (SMC) which i s  d e f in e d  as : th e  number of 
charac ters  which are in the p os i t ive  sta te  (a); in the negative s t a t e  
(d); p o s i t iv e  in  th e  f i r s t  s tr a in  but  n e g a t iv e  in  the  second s tr a in  
(c) and negative in the f i r s t  strain but p os i t ive  in the second s t r a i n  
(b). Thus a + d represents the number of shared characters between 2 
s t r a i n s  and b+ c represent the number of differences. The sum a + b + 
c + d i s  the  t o t a l  number of  c h a r a c t e r s  f o r  which the  s tr a in s  have 
been compared.
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Mathematically the SMC i s  expressed as:
& ±  A
a + b + c 4- d X 100
The SMC considers both po s i t iv e  and negative matches in ca lcu la t ing  
the degree of s im ilar ity .  Thus two strains can be la rg e ly  sim ilar on 
the  b a s is  of  them both  l a c k in g  something.  The J a c c a rd  c o e f f i c i e n t  
(Sj) takes no account of negative matches so t h a t  mutual absence of a 
character i s  no t  r eco rded  as  a s i m i l a r i t y .  M athem atica l ly  th e  Sj  i s  
expressed as:
% Sj = B X 100
a 'I' b •!• c
The s im i l a r i t y  c o e f f i c i e n t s  ca lcu la ted  fo r  each and every strain  i s  
t a b u l a t e d  in  m atrix form and i s  referred  t o  as a s i m i l a r i t y  m a t r ix .  
C la s s i f i c a t io n  in  numerical taxonomy i s  d e r iv e d  from a s im i l a r i t y  
matrix.
There are various techniques designed to  d isc lose  and summarise the 
s t r u c t u r e  of  a s im i l a r i t y  m atrix. In t h i s  p r o j e c t  the t e ch n iq u e  of  
cluster analys is  w i l l  be used the re fo re  a general account of the main 
s t r a t e g i e s  w i l l  be g iven.  The c l u s t e r i n g  s t r a t e g i e s  most commonly 
used include : Nearest Neighbour; Fur thes t  Neighbour and Group Average 
analysis. In a l l  strateg ies  fusion begins with the most sim ilar pair 
of e n t it ie s ,  es tab l ished  by whatever c o e f f i c i e n t  of s im i l a r i t y ;  the 
d if fe r e n c e s  in th e  s t r a t e g i e s  appears in  subsequent f u s i o n s .  In 
Nearest Neighbour the s im i l a r i t y  matrix i s  scanned a t  successively low 
l e v e l s  of  s im i la r i t y  and p a irs  of  s tr a in s  or o p era tio n a l taxonomic 
u n i t s  (OTU) a r e  ex tracted  i n  o rd e r  of  magnitude.  In gen era l, i f  th e  
s im ilar ity  value of a strain i s  g rea te r ,  than the specified  s im ilar ity  
l e v e l ,  t o  any s tr a in  w i t h i n  th e  f i r s t  c lu s t e r  than  to  a second
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c lu s te r , th en  i t  fuses  to  the f i r s t  cluster. In Fur thes t  Neighbour the 
s im i l a r i t y  matrix  i s  s im i la r ly  scanned a t  successively lower l e v e l s  of 
s im i l a r i t y  but a t  a given s im ilar ity  leve l  a s t r a i n  fuses to  a cluster  
i f  the  s t r a i n ’s s i m i l a r i t y  v a lu e  i s  g r e a t e r  t o  th e  l e a s t  s im ila r  
s tr a in  of  th e  f i r s t  c l u s t e r  than  to  th e  l e a s t  s im ila r  s t r a i n  o f  a 
second c lu s te r .  In Group Average a t  each leve l  of c lu s te r in g  strains  
j o i n  e x i s t i n g  c lu s t e r s  and c l u s t e r s  c o a le s c e  only when th e  mean 
s im i la r i t y  between the s tr a in  and i t s  p o t e n t i a l  phenon or th e  mean 
s i m i l a r i t y  between two phenons i s  a t  l e a s t  equal  to  th e  chosen 
s im ilar ity  leve l .  Since each c l u s t e r i n g  method employs d i f f e r e n t  
s t r a i n  admission c r i t e r i a  the f in a l  arrangement of s t r a i n s  may d iffer  
s l i g h t l y .  By N ea res t  Neighbour a s tr a in  would be a d m i t t e d  t o  a 
c l u s t e r  on account  of  i t s  h igh  s i m i l a r i t y  t o  one s tr a in  of  t h a t  
c l u s t e r  even though i t s  s i m i l a r i t y  to  other s t r a in s  in  t h a t  c lu s t e r  
i s  low. Conversely by Fur thes t  Neighbour ana lys is  a strain would be 
excluded from a cluster on account of i t s  low s im ilar ity  to  the most 
d i s s i m i l a r  s t r a i n  w i t h i n  t h a t  c l u s t e r .  The Group Average method 
l a r g e l y  overcomes th e s e  problems by comparing the  s im i l a r i t y  of  a 
s tr a in  to  t h e  mean s i m i l a r i t y  of  i t s  p o t e n t i a l  phenon than to  
individual s t r a i n s  of th a t  phenon.
The r e s u l t s  of  c l u s t e r  a n a ly s is  a r e  presented in  two dim ensions
usually  as t r e e  l i k e  diagrams termed dendrograms. The abscissa  of the 
dendrogram has no s i g n i f i c a n c e  o th e r  than  spac ing  ou t  th e  s tr a in s  
studied. The ordinate however represents the s im i l a r i t y  values; the 
upper end of  the scale  ind ica tes  maximum s im ilar ity  whereas the lower 
end ex tends  to  th e  l e v e l  a t  which a l l  the  s t r a i n s  a re  u n i t e d  i n t o  a 
s ingle  group. The order of s t r a i n s  in a dendrogram r e l a t e s  to  their  
s im i l a r i t y  they share with the f i r s t  s t r a i n  of a data matrix. A l i n e  
i s  drawn from each s t r a i n  u n t i l  i t  reaches th e  S l e v e l  a t  which i t  
jo in s  another strain. A cross  l i n e  i s  drawn between the l i n e s  a t  t h i s  
l e v e l .  A s i n g l e  l i n e  i s  then  co n t in u ed  down from th e  m iddle  of  th e  
hor izonta l  l i n e  u n t i l  i t  in turn reaches a lev e l  where another fusion 
occurs. This process i s  continued u n t i l  a l l  strains are  united in to  
one c lus te r .  Clusters  of s t r a in s  are recognised by drawing hor izon ta l  
l i n e s  accross the dendrogram a t  given S leve ls .
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The h o r i z o n t a l  l i n e  d e l i m i t i n g  c l u s t e r s  can be drawn a c r o s s  th e  
dendrogram a t  var ious  s im i l a r i t y  leve ls .  Each cluster so recognised 
i s  te rmed a phenon. Sneath  and Sokal (1973) i n d i c a t e  t h a t  th e  term 
phenon " is  intended to  be general,  to  cover the groups produced by any 
form of  c lu s t e r  a n a l y s i s  or  form of  s i m i l a r i t y  c o e f f i c i e n t s " .  The 
term phenon i s  derived from the Greek (phainein) which translated in to  
English means ’to  appear’. The grammatically correct plural form of 
phenon i s  phena although numerical taxonomists using i t  to  describe 
groups formed by nu m er ic a l  taxonomy use th e  in c o r r e c t  p lura l form 
phenons. Since phenons i s  extensive ly  used by most leading numerical 
t a x o n o m is t s  i t s  use w i l l  be c o n t inued  in  t h i s  p ro jec t .  I t  i s  
d i f f i c u l t  to  ob jec t ive ly  equate phenons with taxonomic ranks such as 
s p e c i e s  s in c e  th e  formation of  phenons v a r ie s  acco rd in g  to  th e  
c o e f f i c i e n t  of s im i l a r i t y ,  the type of c lu s t e r  ana lys is  and the sample 
of  c h a r a c t e r s  employed in  th e  s tudy.  For i n s t a n c e ,  i t  would be 
expec ted  t h a t  s tr a in s  s im ila r  by l a r g e l y  n e g a t iv e  a t t r i b u t e s  would 
form a phenon, a t  a high s im i l a r i t y  level  when the SMC i s  employed and 
a t  a much lower  s i m i l a r i t y  l e v e l  when the  Sj i s  used. I t  has been 
suggested th a t  the phenon leve l  of 75% may be a good criter ion  for  the 
phenetic species  l eve l  in bac te r ia  (Liston e t  ^ . ,1 9 6 3 )  but  as Sneath 
and Sokal (1973) p o i n t  out  t h i s  l e v e l  cannot  be taken  as  an a b s o lu t e  
c r i t e r i o n .  Phenons which a re  s t a b l e ,  i r r e s p e c t i v e  of  th e  method of  
analysis, qualify as good bacterial species.  Further  confirmation of 
the  s t a b i l i t y  of  phenons by %GC com position , DMA h y b r id isa t io n  and 
enzyme electrophoretograras provide supportive evidence th a t  the chosen 
phenons can be equated with the species  rank.
6.2 Mult ivar ia te  analysis
Bacte r ia l  iso la te s  can be imagined as points  in a mult idimensional  
space  where the  d im ens ions  a re  g iven by th e  two s t a t e  t e s t s  used to  
c h a r a c te r ise  th e  i s o l a t e s .  C l u s t e r i n g  procedures a n a ly s e  t h i s  
hyperdimensional relationship between s t r a i n s  in  j u s t  two dimension. 
Such a process, in  o rd e r  to  ach iev e  s i m p l i c i t y ,  may r e s u l t  in  a l o s s  
of information. M ult ivar ia te  techniques at tempt to  examine the data 
in  space of several dimensions such th a t  much of t h i s  in formational
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l o s s  i s  avoided.  Of the  fou r  m u l t i v a r i a t e  a n a l y s i s  p rocedures  
ava i lab le  only pr inc ipa l  component analys is  (PCA) w i l l  be used in t h i s  
p ro jec t .  PCA examines th e  r e la t io n s h ip  between a multidimensional 
o rd e r  o f  v a r i a b l e s  ( t e s t s ) .  Consider a c o l l e c t i o n  of  b a c te r ia l  
s t r a i n s  defined by a number of t e s t s ;  where a t e s t  i s  represented by a 
C a r te s ia n  a x i s .  The PCA s e l e c t s  o r th o g o n a l  a x e s  w it h in  t h e  
multidimensional space such t h a t  the projection of the strains onto 
th e  o r th o g o n a l  axes  w i l l  ’b e s t ’ d i s p l a y  t h e i r  r e l a t i o n s h i p .  The 
concept of bes t  usually  means in such a way t h a t  the s t r a i n s  are  more 
widely separated one from another with repect to  the new ra th e r  than 
the o r ig ina l  axes (Clifford  & Stephenson, 1975).
To v i s u a l i s e  the hyperdimensional relationship between strains PCA 
determines a ’l in e  of bes t f i t ’ such that the perpendicular distances  
from a l l  coordinate pa i r s  to  the l i n e  are a minimum and the spread of 
these c^rdinate  pa i r s  as projected onto the l i n e  w i l l  be maximum. The 
l i n e  along which the p ro jec t ion  of the strains have a maximum spread 
i s  known as th e  f i r s t  p r i n c i p a l  component, e igen v ecto r  or l a t e n t  
vecto r . The a x is  a t  r i g h t  an gles  t o  t h i s  i s  known as th e  second 
principal component, eigenvector or l a t e n t  vector. The scores of the 
strains as measured in terms of these two axes are independent of one 
an o th e r  and so t h e  axes are described as  o r th o g o n a l .  The number of 
eigenvectors derived by the PCA equals the t o t a l  number of t e s t s .  For 
each p a i r  of  e i g e n v e c t o r s  t h e  p o s it io n  of s t r a i n s  a r e  p l o t t e d .  In 
g e n e r a l  the  p lo t  c o n ta in in g  the  p a i r  of  e i g e n v e c t o r s  which between  
them a r e  a s s o c i a t e d  w ith  t h e  two l a r g e s t  v a r i a n c e s  i s  of  most 
i n t e r e s t .  The p r o j e c t i o n  of  s t r a i n s  a long new axes which rep resen t  
t e s t  variation hopefully w i l l  produce d iscrete or i so la ted  c lu s t e r s .
Therefore PCA enables the relationship between a s e t  of s t r a i n s  to  
be exp ressed  in  a space of  fewer dim ensions than t h a t  in  which th e  
e n t i t i e s  a re  o r i g i n a l l y  p l o t t e d .  Rohlf  (1968) noted t h a t  PCA gave a 
f a i t h f u l  rep resen ta t io n  of  d is ta n c e s  between t h e  major  groups or 
c lu s t e r s  bu t  f a l s i f i e d  the  d i s t a n c e  between c lo s e  ne ighbours .  The 
p ro p e r ty  of  PCA would appear i d e a l  f o r  d e l i n e a t i n g  phenons or la rg e  
c l u s t e r s  but  of  no use in  e s t a b l i s h i n g  b io ty p e s  or s m a l l e r  groups 
within a phenon. The application of PCA to  microbial systematics  has
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been l i m i t e d .  I t  has  been a p p l i e d  by Gyl lenberg  (1965) as a method 
for  the i d e n t i f i c a t i o n  of unknown cultures. The combined approach of 
c l u s t e r  a n a l y s i s  and PCA was used by Moss e t  ^ . , (  1978) t o  c l a s s i f y  
ch ro m o b a c te r ia  s tr a in s .  Moss et al (1978) noted t h a t  t h e r e  was 
e x c e l l e n t  concordance between th e  two numerical c l a s s i f i c a t i o n  
procedures. Thus i t  would appear t h a t  the PCA procedure i s  a useful 
check on the v a l i d i t y  of phenons formed by cluster analysis.
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7. Rationale and Aims of the Projec t
Cholera was d e f in e d  on i t s  c h a r a c t e r i s t ic  c l i n i c a l  p i c t u r e  
centur ies  before bacteria were recognised as possessing an a b i l i ty  to  
cause  d i s e a s e .  A "microbio c h o le r ig e n io "  was f i r s t  recognised  in  
m ic ro sc o p ic  smears f o r  c h o le r a  p a t i e n t s  by P a c in i ,  i n  1854. T h i r ty  
years l a t e r ,  Koch and Gaffky c u l t u r e d  t h e  c h o l e r a  v ib r io s  from 
Egyptian cholera v ic t ims.  Koch i n i t i a l l y  defined the "komrna bacillus"  
as a characteristic  comma shaped organism which was active ly  motile 
l i q u e f i e d  g e la t in  and was always i s o la t e d  from cholera p a t i e n t s .  
P feiffer  introduced s p e c i f i c i t y  in the id en tif ica tion  of jA. cholerae 
by e s ta b l i s h in g  a s e r o l o g i c a l  procedure f o r  t h e i r  r eco g n it io n .  The 
P f e i f f e r  rea c t io n  was superceded by t h e  tube a g g l u t i n a t i o n  t e s t s .  
Thus the  pioneering work of  Koch and P f e i f f e r  ensured th at  th e  
b a c t e r i o l o g i c a l  d i a g n o s i s  o f  c h o l e r a  was r a p id ,  s im p le  and 
unequivocal.
As the science of bacter iology developed, investigators frequently 
i s o la t e d  many V ibrio-shaped organisms.  Some of  th ese  
o rgan isms  were b a c t e r i o l o g i c a l l y  i d e n t i c a l  to  th e  cholera  v ib r io ,  
agglut inated in cholera s p e c i f i c  serum but  d i f f e r e d  in  c l i n i c a l  and 
e p id e m io lo g ic a l  character. I n i t i a l l y ,  t h e s e  c h o le r a - l ik e  v i b r i o s  
(CLV) were i s o l a t e d  from th e  f a e c e s  of  p i l g r i m s ,  who d isp layed  no 
apparent c l i n i c a l  fea tu res  of  cholera , a t  th e  El Tor quarantine  
station, Egypt. Subsequently, El Tor v ibrios  were a lso  recovered from 
a q u a t i c  sources. In a d d i t i o n  t o  El Tor v ib r io s ,  other v ib r io s  
biochemically identical to Koch’s c la ss ic a l  cholera v ib r io s  but fa i l in g  
t o  a g g l u t i n a t e  i n  c h o l e r a  s p e c i f i c  serum were i s o l a t e d  from 
environm ental, an im al  and human sources. Both th e  El Tor and th e  
other  v ib r io s  were excluded from the species lA. cholerae. Pribram 
(1933) assigned species  status t o  the El Tor v ib r io s ,  naming them \A El 
T o r . However,  t h e  o th e r  b i o c h e m i c a l l y  s i m i l a r  v i b r i o s  were 
c o l le c t iv e ly  re fe r red  to  as CLV. Both lA El Tor and CLV were absolved 
from possessing any choleragenic a t t r i b u t e .
The importance and mistaken taxonomic pos i t ion  of  lA. £1 Tor became 
c l e a r  in  1961 when t h e  El Tor v ib r io  spread w est from i t s  endemic
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focus  in  th e  Ind o n es ian  i s l a n d  of  Su law es i  to  s t a r t  what has s in c e  
been r e f e r r e d  t o  as  the  seven th  pandemic of  c h o le r a .  S tu d ie s  which 
compared th e  El Tor v i b r i o  t o  t h e  neotype s t r a i n  o f  lA c h o le r a e  
i n d i c a t e d  t h a t  th e  d i f f e r e n c e s  between th e  two organ ism s  were 
in frasubspecif ic .  Consequently, the two Vibr io groups were included 
as biotypes  of the species  V^. cholerae. The taxonomic pos i t ion  of the 
CLV remained unresolved. On purely taxonomic grounds, these v ib r io s  
were shown to  belong to  the same species  as  the El Tor and c l a s s i c a l  
b i o t y p e s  o f  V i b r i o  c h o l e r a e . N e v e r t h e l e s s ,  t h e r e  were c lea r  
differences in ecology between cholera l i k e  vibrios and the respect ive  
biotypes of V. cholerae 01. Most apparent was that the two V. cholerae 
01 biotypes appeared to  be highly adapted human pathogens responsible  
for  massive pandemics w h i l s t  the majori ty  of CLV wereapparently water 
dwelling saprophytes.
A biotyp ing  scheme i s  t h e r e f o r e  needed which t a k e s  i n t o  account  
t h e s e  su b t le ,  but im p o r ta n t  d if fe r e n c e s .  P o sse s s io n  of  c e r ta in  
properties influences  an organism’s a b i l i t y  to  propagate or maintain 
i t s e l f  in  th e  human sm a l l  i n t e s t i n e ,  a q u a t i c  environment, or o th e r  
p o t e n t i a l l y  important e c o l o g i c a l  n ic h e s .  These p ro p er t ie s  must be 
c h a r a c t e r i s e d  and incorporated in to  the  d e f in i t io n  of  appropriate  
biotypes. With respect  to  the CLV, some members are human pathogens 
and produce an enterotoxin  sim ilar to  cholera toxin, whereas others  
have no a s s o c i a t i o n  w i th  c l i n i c a l  d i s e a s e  bu t  a r e  indigenous t o  
a q u a t i c  environments. The c r i t i c a l  q u e s t io n  from a p u b l i c  h e a l t h  
s t a n d p o i n t  th ere fo re ,  i s  whether th e  substantial human pathogens in 
th i s  group are  a lso  included in the autochthonous aquatic  population. 
Thus labora tory  t e s t s  must be id en tif ied  which can rap id ly  separate 
p o t e n t i a l l y  p a thogen ic  v a r i e t i e s  of  CLV from th e ir  f r e e  l i v i n g  
counterparts .
The sp ec i f ic  aims of t h i s  research are therefore  to:
(i)  determine the spectrum of human pathogenic p o ten t ia l  in CLV
is o la t e s  from h osp i ta l i sed  p a t i e n t s  and aquatic  sources.
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( i i )  obtain information on the c l i n i c a l  course of disease caused 
by a co llec tion  of CLVs.
( i i i )  iden t i fy  spec i f i c  v iru lence charac ters  in  a co llec tion  of 
i s o l a t e s  t h a t  cause d i s e a s e  and a s s e s s  w h eth er  su ch  
charac ters  are  plasmid mediated,
(iv) examine a l l  phenetic t e s t  charac ters  cu r ren t ly  in use fo r
each i s o l a t e  to give a representative sample of the p roper t ies  
of the organisms.
(v) examine the phenetic charac ters  and pathogenici ty  re la ted
p ro p ertie s  by m u l t i v a r i a t e  s t a t i s t i c a l  p ro ced u res  in  an 
attempt to  form biotype c lu s te r s ;  to  assess  the genet ic  
re la t io n sh ip s  among groups so formed and further cha rac te r is e  
them using working type s t r a in s ;  to  identify  charac ters  most 
useful  in d is t ingu ish ing  pathogenic s t r a in s  and to  develop 
diagnostic  schemes for  t h e i r  id e n t i f i c a t i o n .
(vi) compare the surv iva l  of se lec ted  i so la te s  in a simple s a l t
so lu t ion  and determine th e i r  growth r a te s  under nutrient 
l im i t ing  conditions, and thus id e n t i fy  d i f fe rences  between 
pathogenic and saprophytic stra ins.
M A T E R I A L S  
A N D  
ME I  H O D S
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MATERIALS AIJD NETHODS
1 Descript ion of study i s o l a t e s
1.1. Source of s t r a i n s
A co llec tion  of 400 Vibrio- l ik e  organisms (VLO) iso lated  from 
a v a r i e t y  of  so u rc e s  and g e o g r a p h ic a l  l o c a t i o n s  was assembled. 
S tra in s  in  th e  c o l l e c t io n  were i n i t i a l l y  ch a ra cter ised  on th e  
following t e s t s  : Gram reaction and shape; m o t i l i ty ;  oxidase; string  
r e a c t i o n  and Hugh and L e i f  son r e a c t i o n .  In g e n e ra l  only  Gram 
n e g a t iv e ,  m o t i l e ,  o x id ase  p o s i t i v e ,  ferm en ta tive  organisms were 
s e l e c t e d  f o r  f u r t h e r  study. In some in sta n c e s  o x id ase  n egative  
organisms were se lec ted  i f  they produced typ ica l  v ib r io  colonies  on 
g e la t in  agar : small 2-3mm circular ge la t inase  pos i t ive  colonies  with 
a pink t inge when viewed under oblique l ig h t .  All organisms so chosen 
were f u r t h e r  ch ara cter ised  u s in g  the p r e l im i n a r y  c h a r a c te r isa t io n  
t e s t s  described  on page 10 6. In t h i s  way i s o l a t e s  were t e n t a t i v e l y  
a s s ig n e d  t o  one of  th e  fo l lo w in g  groups : (a) V. cholerae  01 (b) V. 
c h o l e r a e  non 01 f u r t h e r  s e p a r a t e d  by H e ib e r g  t y p i n g  (c)  V. 
parahaemolvticus (d) V. f l u v i a l i s  (e) Aeromonas soo
From th i s  co l lec t ion  of  400 Vibr io- l i k e  organisms 195 s t r a i n s  were 
s e l e c t e d  f o r  further  study. The method of  s e l e c t i o n  was e m p i r i c a l  
w ith  t h e  main emphasis given  to  th e  V. c h o le r a e  non 01 group and the  
i s o l a t i o n  source of  th e  organism. The f i n a l  c o l l e c t i o n  o f  195 
i s o l a t e s  of  Vibrio-l ik e  organisms represented 100 fresh, 80 stock and 
15 reference cultures. A d ist in ction  between fresh and stock i s o l a t e s  
was made to  d is t in g u is h  th o se  i s o l a t e s  f r e s h l y  i s o l a t e d  in  Dacca 
between 1976-77 from i s o la te s  received from other workers. Thus the  
source of the f in a l co l lec t ion  of strains used in the computer study 
i s  summarised below. Information per ta in ing  to  stra ins not included 
in the computer study but screened for  biological a c t iv ity  i s  given in 
Table 41 in the Appendix (page 323).
S tra in s  numbered 1-44; 97-103; 107-115; 127-132; 145; 161,162;
164-170 and 174-176 were i s o la t e d  from the  s t o o l s  of  m o d era te ly  to
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severely dehydrated p a t ien t s  a t tending the Cholera Research Laboratory 
(CRL) Bangladesh. S t ra ins  numbered 69-72; 76-80; 87-93; and 171-173 
were o b ta in e d  from th e  C u l tu r e  C o l l e c t i o n  of  th e  CRL, Bangladesh.  
These s t r a in s  were i so la te d  from diar rhoeal  p a t ie n t s  over the period 
1971 -1976 i n c l u s i v e .  S tra in s  numbered 73-75 and 163 were i s o la t e d  
from healthy Bangladeshi Haji pilg r ims  in  1977. S t ra in s  numbered 133- 
144 were i s o l a t e d  from water hyacinths in  th e  Bur iganges  River ;  
strains numbered 118-119 and 121-123 were i so la te d  from f i s h  excreta 
and strains numbered 116-117 and 120 were iso lated  from cow’s excreta.  
Strains numbered 81-86 were i so la ted  from Bangladeshi water samples in 
1976 and s t r a i n s  numbered 150-159 were i so la ted  from sewage samples 
obtained from Bangladeshi refugee camps in 1976. Strains numbered 45- 
49 and 160 were i s o la t e d  from Chesapeake Bay, America and were 
g e n e ro u s ly  donated by Dr. R. Co lw e l l ,  Dept, o f  Microb io logy ,  
University of Maryland, Maryland, U.S.A.
S tra in s  numbered 50-51; 54-55; 57 and 195 were i s o l a t e d  from 
English waters. Strains numbered 52-53 and 56 were associated with 
human disease  and were also i so la ted  in England. S t ra in s  numbered 58- 
59 a re  human a s s o c i a t e d  and s tr a in  number 60 was an environmental 
i s o l a t e ,  a l l  t h r e e  i s o l a t e s  o r i g i n a t i n g  from A lg e r ia .  S tra in s  
numbered 61 and 63 were environmental i s o l a t e s  from Ghana whereas 
s t r a i n  62 was a sso c ia te d  w i th  human d i s e a s e .  Stra in  number 64 was 
iso lated  from a patient during the food poisoning outbreak attributed  
t o  NCV’s in  Czechoslovakia in  1965. S tra in s  numbered 65-66 were 
i s o l a t e d  from water sources during t h a t  outbreak. Stra ins  numbered 
67-68  were i s o l a t e d  from r i v e r  w a te r  in  Egypt. These s tr a in s  were 
generously  donated by Dr. J.V. Lee, V ib r io  Reference  Laboratory, 
Maidstone, Kent.
S t ra in s  numbered 94-96 were human associa ted  i so la te s  from Africa 
and were generously donated by Dr. Robins-Browne. S tra in s  numbered 
104-106 were environmental i so l a t e s  from Guam, P ac i f ic  Ocean and were 
g e n e ro u s ly  donated by Dr. McIntyre. S t r a i n s  numbered 124-126 were 
i s o l a t e d  in  Sudan from human e n t e r i t i s  c a se s  during th e  c h o le r a  
epidemic in 1968 and were generously donated by Dr. Y. Zinnaka.
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S t r a i n s  numbered 146-149 were i s o l a t e d  from r i v e r  water in  the  
Maldives I s l a n d ,  S r i  Lanka du r ing  the  cholera ep idem ic  in  1978 and 
were g en e ro u s ly  donated by Mr. K ib r iy a ,  CRL Dacca, Bangladesh. 
S t ra ins  numbered 180-184; 177-179 and 185 are reference cu l tu re s  of  V. 
c h o le r a e  0 g ro u p  1 i s o l a t e d  i n  B a n g l a d e s h ,  Guam and U.S.A. 
r e s p e c t i v e l y  and were obtained from the cu ltu re  c o l l e c t i o n  a t  the  
Cholera Research Laboratory, Dacca.
S tra in  number 186 i s  a r e f e r e n c e  s tr a in  of  V. a l b e n s i s : s t r a i n s  
numbered 187; 190 and 191 a r e  r e f e r e n c e  s t r a i n s  o f  A. h v d r o p h i l a : 
strain 192, a reference strain of A. sobria; strains numbered 188 and 
189 are reference strains of V. metschnikovii and strains numbered 193 
and 194 a re  referen ce  s tr a in s  of  \A f l u v i a l i s . These r e f e r e n c e  
strains were also generously donated by Dr. J.V. Lee, Maidstone.
Further information per ta in ing  to  these cultures i s  given in Table 
40 in  Appendix 1.
1.2 I so la t io n  procedures for  study i s o la t e s
1.2.1. I so la t io n  of strains from diarrhoeal patients
All  p a t ie n ts  a d m i t t e d  t o  t h e  Treatment Centre  of  th e  Cholera 
Research Laboratory in  Dacca, Bangladesh,  in  November 1977 th rough  
October 1978, were screened. Treatment Centre admission consis ted of 
th e  more s e ro u s ly  i l l  p a t i e n t s ;  th o se  judged to  be m o d era te ly  t o  
se v e r e ly  dehydra ted  at t h e  t im e  they  p r e s e n te d  to  th e  a d m i t t i n g  
physic ian . The w e igh t  of  each p a t ie n t  was measured a t  the  t im e of  
ad m iss io n  and a s t o o l  specimen was c o l l e c t e d  by s t e r i l e  r e c t a l  
ca the te r  for  an immediate darkfield examination fo r  v ib r io s  (Benenson, 
e t  a l . ,  1964). P a t i e n t s  whose s t o o l  contained organ ism s  which 
posses sed  t y p i c a l  " sh o o t in g  s t a r "  m o t i l i t y  t h a t  was no t  
i n h i b i t e d  by th e  a d d i t i o n  of  Gardner and Venkatraman 0-Group 1 
ant iserum were included in the study.
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1.2.1.1. Recognition and t e n ta t iv e  i d e n t i f i c a t i o n  of  v ib r io s
For th e  d e t e c t i o n  of  v i b r i o s ,  s t o o l  samples  were s t r e a k e d  to  
g e la t in  agar (GA) containing 1.5% NaCl, pH 8.5 and to  taurocholate-  
t e l u r i t e  g e la t in  agar (TTGA; Monsur, 1961). A 6 hour enrichment cu l tu re  
of the  s t o o l  sample in  a l k a l i n e  peptone w a te r  was a l s o  p repared  and 
streaked to  GA and TTGA pla tes .  All p la te s  were incubated overnight 
a t  30°C. G e l a t i n a s e  p o s i t i v e  c o l o n i e s  were screened by the s t r i n g  
t e s t  (Smith, 1970), oxidase t e s t  and a s l id e  t e s t  for  agglutination in 
0 Group 1 p o l y v a l e n t  ]A cholerae serum. S e le c t e d  i s o l a t e s  were 
streaked for  pur i ty  on GA and stocked.
1.2.2. I so la t io n  of s t r a i n s  from healthy ind iv iduals
R ec ta l  swabs from h e a l th y  B a n g la d e sh i ’s, with no h i s t o r y  of  
diarrhoea one month p r io r  to  sampling, were streaked onto GA and TTGA 
p la tes .  A s ix  hour enrichment cu l tu re  of the rectal swab in a lk a l in e  
peptone w a te r  was a l s o  prepared and s t r e a k e d  to  GA and TTGA p la te s .  
A l l  p l a t e s  were incubated o v e r n ig h t  a t  30*^ 0 and suspic ious colonies  
t e s t e d  as  su b sect ion  1.2.1.1.
1.2.3. I so la t io n  of s t r a i n s  from environmental sources
1.2.3.1. Aquat ic  specimens
A portion of the roo ts  of water hyacinths was enriched in  a lk a l in e  
peptone water fo r  6 hours. Enriched cultures were plated onto GA and 
TTGA and a l l  s u s p i c io u s  c o l o n i e s  were trea ted  as in  s u b s e c t io n
1 .2 . 1 . 1 .
1.2.3.2. Fish and cow r e c t a l  swabs
Rectal swabs of f i s h  i n t e s t i n e  and f re sh  cow dung were treated as 
in  s u b s e c t i o n  1.2.1.1.
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1.2,3.3. Sewage samples
Sewage samples were enriched in a lk a l in e  peptone water for 6 hours 
and subsequently treated as out l ined in 1.2.1.1.
1.3 Maintenance of strains
1.3.1. Preparat ion and storage of the mother cu l tu re
All  f r e s h  i s o l a t e s  and incoming s to c k  c u l t u r e s  were checked f o r  
purity on modified g e la t in  agar p la te s  (GA). I so la ted  colonies  were 
p icked  to  s lo p e s  of  blood agar  base c o n ta in in g  1.5% NaCl, a f te r  
incubation a t  30°C for  18 hours, cu l tu re s  were overlayed with s t e r i le  
p a r a f f i n  o i l .  C u l tu r e s  so t r e a t e d ,  were r e f e r r e d  to  a s  th e  mother 
c u l t u r e ,  and were s to r e d  a t  ambient t e m p e r a tu re  in  th e  dark (temp, 
range 8° -  20°C).
1.3.2. Preparation and s torage of the working cu l tu re
Working stock cu l tu re s  were i n i t i a l l y  prepared a t  the same t ime as 
th e  mother c u ltu re  by p ick in g  th e  same i s o la t e d  co lony.  After  
incubation  th e  working cu ltu r e s  were not  o ver layed  w i th  s t e r i l e  
p a r a ff in ,  but  were stored  in  an id e n t ic a l  manner as t h e  mother 
culture. After 12 months storage, f re sh  working stock cu l tu re s  were 
prepared by taking a subculture from the. mother  cu ltu re  to  a p u r i t y  
p l a t e  and subsequently streaked onto  a fresh  blood agar  base  s lo p e .  
Fresh cultures were prepared from working stock cu l tu re  by subculture 
onto GA purity pla tes .
106
2. F i r s t  stage ch a rac te r i s a t io n  of t e n ta t iv e  v ib r io s .
2.1. Preliminary c h a rac te r i s a t io n  of i so l a t e s
A 4 hour peptone water culture of a l l  g e la t in  and oxidase pos i t ive  
i s o l a t e s  which f a i l e d  to  agg lu t ina te  in ]A cholerae 0 Group 1 serum, 
was used as  an inoculum f o r  th e  fo l lo w in g  c o n f i rm a to r y  t e s t s :  Gram 
rea ct io n  and morphology, rea c t io n  on K l i g l e r  iron  agar, growth 
characteristics  in  rno t i l i ty - indo le -u rea  medium (Hormaeche and Peluffo, 
1959), ox id ation  and ferm entation  of  glucose in Hugh-Leifson medium 
(Hugh and Liefson, 1953), fermentat ion of sucrose, mannose, arabinose 
and m an n i to l  in  bromcresol purple broth, l y s i n e  and o rn ith in e  
decarboxylase and a r g i n i n e  d ihydrolase  a c t i v i t y  ( H o l i e r ,  1955, 
modified by the addition of sodium chloride to  a concentrat ion of 1%), 
growth in  0, 3, 7 and 10% sodium ch lo r id e ,  s e n s i t i v i t y  t o  0/129 
v i b r i o s t a t i c  compound using discs  containing 10 and 150 meg (Furniss 
e t  ^ . ,1 9 7 8 )  and the Kanagawa t e s t .  A de ta i led  description of these 
prel iminary characterisation t e s t s  i s  given la ter .
2.2 Antibiotic s e n s i t i v i t y  pattern of i s o l a t e s
All Vibrio i s o l a t e s  were t e s ted  fo r  an tib io tic  resistance using the 
standard Kirby-Bauer disc d i f f u s io n  method (L e n n e t te  e t  a l . . ,1974). A 
M ueller-Hinton agar  p l a t e  m od if ied  by th e  ad d it ion  of  1.5% NaCl was 
f looded with 0.1 ml of an overnight nutrient broth cul ture .  Standard 
Difco f i l t e r  paper  d i s c s  conta in ing  t h e  a n t i b i o t i c  under t e s t  was 
applied  t o  the  surface  of  t h e  agar p l a t e  and the  p la te s  i n c u b a te d  
overnight a t  30°C. The a n t i b i o t i c  and d i s c  c o n t e n t s  (ug) t e s t e d  
were:- am pic i l l in  (Am) -  10; chloramphenicol (Cm) -  30; streptomycin 
(Sm) -  10; gentamycin (Gm) -  10; t e t ra cy c l in e  (Tc) -  30; polymyxin B 
(PB) -  50U; cephalothin (Ceph) -  30; kanamycin (Kan) -  30 and sep t r in  
25 (Sep). A known sen s i t iv e  and res istan t c o l i  s t r a i n  was used as 
a con tro l.  The zone d i a m e te r  was measured with  c a l i p e r s  in  two 
directions a t  r ig h t  angles and the readings average. Zones s izes  were 
in te rp re ted  according to  the recommendations o f  Bauer ejb a l . .(  1 966). 
S t ra in s  were either sen sit ive ,  res istant or of intermediate resistance  
t o  th e  a n t ib io t i c .  The zone s i z e s  r e f l e c t i n g  t h e s e  c a t e g o r i e s  f o r
107
each a n t i b i o t i c  i s  tabula ted  below:
Category Am Cm Sm Gm Tc Ceph Kan Sep PB
Intermediate
resistance 12-13 13-17 12-14 11-15 1A_17 i i_i5 9
Resis tan t 11 12 11 12 10 14 13 10 7
S e n s i t iv e 14 1 15 13 16 15 18 16 10
2.3 Biological a c t i v i t y  pattern
Selected Vibrio iso la te s  were screened for  b io log ica l  a c t i v i t y  in 
th e  f o l l o w in g  models: 1) e x p e r im e n ta l  i n f e c t i o n  in  10 day old New 
Zealand white rabbits using the technique of Dutta and Habbu (1955); 
2) viru lence  of  whole cu l tu re s  administered I.P. to  young ad u l t  mice, 
l e t h a l  a c t i v i t y  of  f i l t e r - s t e r i l i z e d  c u l t u r e  f lu id ;  3) ra b b it  i l e a l  
loop a c t i v i t y  (De and Chatter jee ,  1953) of whole cu l tu re s  and culture  
f i l t r a te s ;  4) rab b i t  vascular permeabil ity  factor assay (Craig, 1965); 
5) CHO (Guerrant, e t  a l . ,  1974) and adrenal c e l l  (Sack and Sack, 1975) 
t i s s u e  culture assays; and 6) suckling mouse assay (Dean e t  a l . ,1972).
The screening procedure for  b io a c t iv i ty  i s  presented in Figure 5. 
I s o l a t e s  were i n i t i a l l y  t e s t e d  in  d u p lica te  in  th e  i n f a n t  r a b b i t  
model. I s o l a t e s  which produced n e g a t iv e  or  v a r i a b l e  r e s u l t s  were 
r e t e s t e d  u n t i l  a c le a r  c u t  r e s u l t  was produced.  I f  a f te r  t h r e e  
passages i so la te s  s t i l l  fa iled  to  produce diarrhoea and death in the 
in fan t  r ab b i t  then they were considered to  be negative in t h i s  model. 
In fan t rabb it passaged s tr a in s  were t e s t e d  f o r  th e ir  l e t h a l i t y  f o r  
adu l t  mice and for  e x t r a c e l lu la r  l e t h a l  toxin. They were then tested  
f o r  th e  a b i l i t y  to  cause  f l u i d  accu m u la t io n  in  the  i l e a l  loop  using  
whole cu l tu re  and culture f i l t r a t e s .  Final ly ,  f i l t r a t e s  were te s ted
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for  skin permeabil ity  a c t i v i t y  evidenced by blueing in the shaved back 
of  r a b b i t s ,  i n d u c t io n  of  f l u i d  accu m u la t io n  in  the  s u c k l in g  mouse 
a s say  and i n d u c t io n  of  m orphological changes  in  t h e  CHO and adrenal 
c e l l  l i n e s .
2.3.1. Standardisation of the in fe c t iv e  dose
Spectrophotometric measurement of var ious b a c te r i a l  d e n s i t i e s  were 
compared t o  v ia b le  p l a t i n g  on GA Agar p la te s .  Three t e s t  i s o l a t e s ,  
two NCV’s of  Heiberg group I I  and V and a V. parahaem olvticus. were 
chosen. Erlenmeyer f l a s k s  c o n ta in in g  t r y p t ic a s e  soy b ro th  (TSB) 4-  
0.6% y e a s t  e x t r a c t  and 1.5% sodium c h l o r i d e  (TSBYE; i n  a 1:5 cu ltu re  
medium to f l a s k  volume r a t io )  were i n o c u l a t e d  w ith  0.1 ml of  an 
overnight TSB cu l tu re  of the t e s t  i so la t e .
I n o c u la t e d  f l a s k s  were in c u b a te d  a t  32°C f o r  6 hours on a 
rec iproca l  shaker a t  120 cpm. After incubation various volume (0.01 
to  0.3 ml) o f  the  t e s t  c u ltu r e s  were added t o  s t e r i l e  Coleman 
spectrophotometer c u v e t t e s  (19 x 105 mm) containing 10ml of f re sh  
TSBYE. Using a Coleman Junior I I  Model 620 spectrophotometer s e t  a t  a 
wavelength of  600 mm the absorbance value of each d i lu t io n  of the t e s t  
culture was read. Eight tenfold  dilu tions of each cuvette  sample was 
prepared in quar ter  s t reng th  Ringers solu t ion .  One ten th  m i l l i l i t r e  
of the l a s t  four dilutions were spread p la ted  onto duplicate GA plates  
and incubated a t  30°C f o r  18 hours .  A fter i n c u b a t io n  th e  v i a b l e  
bacterial concentrat ion of  each cuvette  was calculated and the  v iab le  
count per ml plo t ted  aga ins t  i t s  corresponding absorbance value.
I n s p e c t i o n  o f  th e  graph showed t h a t  an absorbance r e a d in g  o f  30 
corresponded to  a v ia b le  count  o f  4,5 -  5.5 x 10® v ib r io s  m l " \  In 
a l l  subsequent inves t iga t ions  involving the use of whole cultures c e l l  
d en sit ies  were spectrophotometrically adjusted to  an absorbance of  30 
diluted tenfo ld  in f resh  culture media so that the inoculum contained 
approximately 5 x 10^ c e l l  ml"^.
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2.3.2. Preparation of cu l tu re  f i l t r a t e s
P r e l im in a r y  ex p e r im e n ts  on 3 NCV s tr a in s  known to  produce an 
e x t r a c e l l u l a r  i l e a l  loop  a c t i v e  t o x i n  were performed to  determine  
e m p i r i c a l l y  a s u i t a b l e  c u l t u r e  medium and th e  degree  of  a e r a t i o n  
necessary for  optimum toxin production. The r e s u l t s  ind icated  that a 
Casarnino acid medium (Kusama & Craig, 1970) was superior  to  TSBYE and 
shaking at 120 cpm ws more favourable than s t a t i c  c u l tu ra l  condition. 
The Casarnino a c id  medium contained in  g l i t r e ^ ^ :  Casarnino a c id s  
(Difco) 30; Yeast e x t r a c t  3.0; K2HPO21 0.5; NaCl 15 and g lu c o se  2.0. 
The b a s a l  medium ( w i th o u t  g lu co se )  was adjusted t o  pH 8.0 w i th  NaOH 
and s t e r i l i s e d  by a u to c l a v i n g  a t  121°C f o r  15 m inu tes .  F i l t e r  
s t e r i l i s e d  glucose was added a s e p t ic a l ly  to  the s t e r i l e  basal medium.
Subculture from working stocks were used for  strains which e l i c i t e d  
diarrhoea in the f i r s t  s e r i e s  of in fan t  r ab b i t  t e s t s ;  passaged s t r a i n s  
were used for  the remaining s t r a in s .  A s ingle  colony was picked to  10 
mis of Cas amino acid medium contained in an Erlenmyer f la sk  ( f lu id  to  
f la sk  volume ra tio  1:5) and incubated at 30°C on a reciprocal shaker 
(Research S p e c i a l i t i e s  Co., Temperature Controlled Water Bath Shaker 
Model 2156), shaking a t  120 cpm fo r  6 hours. A 250 ml Erlenmyer f la sk  
containing 50 mis of f resh  Cas amino acid medium was inoculated  with a 
0.1% v/v inoculum. These f la sk s  were incubated on a reciprocal shaker 
bath a t  120 cpm a t  30°C for  18 hours. After incubation, cultures were 
c e n t r i f u g e d  (15,000g f o r  30 m inu tes  a t  4°C) and the  s u p e r n a t a n t  
s t e r i l i s e d  by m i l l i p o r e  f i l t r a t i o n  u s ing  a p r e f i l t e r  and a 0 .22urn 
f i l t e r .  Three ml a l i q u o t s  were prepared and s to r e d  a t  -20°C u n t i l  
require.
2 .3.3. In fan t  rabbit model
Test cultures were grown as o u t l ine  above. The bacterial density  
of exponential ly  growing cu l tu re s  were adjusted to  give an absorbance 
v a lu e  of  30 a t  a wavelength of 600. Cultures were then  d i l u t e d  
tenfold  in f resh  TSBYE to  give a f i n a l  approximate concentration of 5 
X 10^  ^ vibrios per ml. One ml volumes were in jec ted  at laparotomy in to  
the  sm a l l  i n t e s t i n e  of  two r a b b i t s  under e t h e r  a n a e s t h e s i a .  After
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su rg e ry  an im a ls  were p laced  in  s e p a r a t e  cages  and m a in ta in ed  by 
g a s t r i c  feeding of  5.0% glucose and 0.45% NaCl i n i t i a l l y ,  followed by 
whole milk. Rabbits were observed every 6 hours and the onset time of 
diarrhoea and death noted. All animals were s a c r i f i c e d  when death was 
imminent or a t  72 hours in  other cases. The f lu id  accumulation in the 
sm a l l  i n t e s t i n e  and colon was noted  a t  au topsy .  Passaged t e s t  
cu l tu re s  were recovered from the i n t e s t i n a l  contents  of  every animal 
by plating appropria te  volumes onto a GA pla te .  Those cu l tu re s  which 
f a i l e d  to  evoke a f l u i d  response in  th e  rab b it  i n t e s t i n e  were 
recovered by b len d in g  th e  sm a l l  and la r g e  i n t e s t in e  in  100 mis of  
phosphate buffer  saline and plating onto GA plates.
2.3.4. Mouse virulence t e s t
The virulence of each strain was determined in mice of l8-20g body 
w eigh t .  TSBYE s u b c u l t u r e s  were p repared  and d i lu te d  to  5 x 10^ 
CFU/ml. One h a l f  ml of cu l tu re  was in jec ted  intraperitoneally in to  
each of 3 mice. The animals were observed s ix  hourly fo r  72 hours and 
the occurrence of i l l n e s s  or death was noted.
F i l t e r  s te r i l iz e d  undiluted TSBYE centr ifuged culture f lu id  of a l l  
virulent strains was te s ted  as above fo r  the presence of extracellu lar  
toxin .
2.3.5. Rabbit i l e a l  loop t e s t
TSBYE subcultures  from working s tock were used fo r  strains which 
e l i c i t e d  diarrhoea in  th e  f i r s t  s e r i e s  of  in fa n t  r a b b i t  t e s t s ;  
p a s s a g e d  s t r a i n s  were u se d  f o r  t h e  r e m a i n i n g  s t r a i n s .  TSBYE 
subcultures were prepared and d i lu ted  to 5 x 10? CFU/ml.
Adult ra b b its ,  p r e v i o u s l y  s t a r v e d  f o r  48 hours, were shaved from 
th e  s ip h io d  to  pubic  r e g io n ,  and a n a e s th e t ise d  w i th  a 0.1% w/v 
in jec t io n  of sodium pentobarbitol. The peritoneal cavity was entered 
by a m id l in e  in c i s io n  of  15-20 cms. The appendix  was l o c a t e d  and 
e x t e r n a l i s e d  t o g e t h e r  with about 140 cms o f  s m a l l  i n t e s t i n e .  The 
proximal portion of the externalised small i n t e s t i n e  was ligated  using
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s u r g i c a l  s i l k  ( s i z e  00). Twenty mis o f  warmed p h y s i o l o g i c a l  s a l i n e  
was in jec ted  using a 23 gauge needle in to  the small i n t e s t i n e  d i s t a l  
to  the l ig a tu re .  The i n t e s t i n a l  lumen was washed by carefu l  l i f t i n g  
of  the  i n t e s t i n e ,  t h u s  a l lo w in g  th e  excess  f l u i d  to  d r a i n  i n t o  the  
large in testine . Once washed the small i n t e s t in e  was l igated  about 
15-20 cms proximal t o  the i l e o c e c a l  ju nction . From the  d i s t a l  
l ig a tu re ,  10-15 t e s t  loops of 5-10 cms, separated by in ter loops  of 3 
cms, were p repared .  One ml of  th e  appropriate cu ltu r e  was i n j e c t e d  
(25 gauge needle) into each t e s t  loop. Whilst  the small i n t e s t i n e  was 
externalised; i t  was f requently  sprayed with  warmed sa l ine .  The small 
i n t e s t i n e  was g e n t ly  replaced back i n t o  th e  p e r ito n e a l  c a v i t y ;  th e  
peritoneum was stitched with s i l k  and the skin was clamped with rnichel 
c l ip s .
Each t e s t  c u l t u r e  was te s t e d  in  d u p l i c a t e  in  two ra b b its ;  t h e  
cu l tu re  being te s ted  in a loop pos i t ion  adjacent and proximal to  the 
f i r s t  ligature in a l t e r n a t e  rabb i ts .  Appropriate pos i t ive  (NAG 62058) 
and n e g a t iv e  ( s t e r i l e  c u l t u r e  medium) c o n t r o l s  were t e s t e d  in  each 
an im al .  Rabb i ts  were s a c r i f ic e d  a f t e r .  12 hours. At autopsy, t h e  
length of each loop was measured and the quant i ty  of f lu id  accumulated 
determined by aspiration into a 20ml syringe (18 gauge needle).  Fluid 
accumulation in  th e  l ig a te d  i l e a l  loop  model was ex p ressed  as  the  
q u o tien t  of th e  f lu id  volume (ml) pe r  cen tim eter  of l i g a t e d  s m a l l  
in te s t in e .  Each t e s t  r e s u l t  was based on the average value of the two 
ra b b its  t e s t e d ;  where i n d i v i d u a l  r a b b i t ' s  r e s u l t s  were in  c o n f l i c t ,  
the iso la te  or f i l t r a t e  was retested.
Culture f i l t r a t e s  of t e s t  strain were also  te s ted  for  t h e i r  a b i l i t y  
to  evoke f lu id  accumulation in the l ig a te d  i l e a l  loop.
2.3.6. Rabbit vascular permeabil ity  fac tor
Culture f i l t r a t e s ,  prepared as described in page 110, were t e s te d  fo r  
their  a b i l i t y  to cause blueing in  the shaved back of rabbits.
The backs of adult rabbits were carefully  clipped and using a f e l t  
t i p p e d  pen th e  back was marked out t o  r e c e i v e  80 i n j e c t i o n s .  A f i v e
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fold d ilution  of the crude culture f i l t r a t e  was prepared in phosphate 
b u f f e r e d  s a l in e  pH 7.2. S e p a ra te  volumes o f  0.1ml of  th e  crude  and 
d i lu ted  toxin were injected in tradermally  in to  the rabbit's back using 
a t u b e r c u l i n  syr inge  f i t t e d  w ith a 27 gauge need le .  A f te r  23 hours, 
animals were given 5%. Pontamine slcy blue in travenously in a dose of
1.2 ml/kg.  One hour l a t e r ,  t h e  average d ia m e te r  of  b lu e in g  of  th e  
skin le s ion  was measured to  the nearest m il l im e te r ;  the presence of a 
haemorrhagic and or a dermonecrotic les ion  was also noted.
All crude toxin samples and d i lu t io n s  were t e s ted  in two rabbits in 
a l t e r n a t e  p o s i t io n s .  Appropriate p o s i t i v e  (NAG 62058) and n e g a t iv e  
( s t e r i le  cu l tu re  medium) controls were te s ted  in  each rabbit.
2.3.7. Tissue culture models
2.3.7 .1. Chinese hamster ovary t i s s u e  cu l tu re  assay
Enterotoxin detect ion using the CHO assay was performed according 
to  the technique developed by Guerrant e t  (1974). A monolayer of 
CHO c e l l s  was c a r r i e d  in  a 25 cm^ t i s s u e  c u ltu r e  f l a s k  (Falcon No. 
3017) under 4.5 ml of  F12 medium w ith  10% f e t a l  c a l f  serum (FCS) and 
an tib io t ic s  (100 un i ts /m l  p e n ic i l l in  G and 100 meg/ml streptomycin). 
For the enterotoxin assay, the spent F12 cu l tu re  medium was decanted, 
c e l l s  were trypsinised (0.25% trypsin) and resuspended in F12 with 1% 
FCS and 0.5mM methyl xanthine to  a concentration of approximately 2 x 
10  ^ ce l ls /m l.  Test toxin volumes of 0.02 ml were added to  m ic ro t i t e r  
wel ls  to  which 0.25 ml of prepared c e l l s  were added. Test plates were 
incubated a t  37^0 f o r  20-24 hours .  A fter i n c u b a t i o n ,  the  c u ltu re  
f l u i d  was poured o f f  and th e  c e l l s  f ix e d  in  100% methanol  f o r  5 
minutes and stained with Giemsa (1:40) fo r  20 minutes. The number of 
elongated c e l l s  in  every  100 c e l l s  was counted.  E lo n g a t io n  was 
d e f in ed  by a c e l l  being t h r e e  t im e s  l o n g e r  than i t  was wide. A 
p o s i t iv e  rea ct io n  was taken  by more than 10% o f  th e  c e l l s  being  
elongated.
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2.3.7.2. Adrenal  c e l l  a s say
A monolayer of adrenal c e l l s  was ca r r ied  in 25 cm^ t i s su e  cu l tu re  
f la sks  under 4.5 mis of Hams F10 media supplemented with horse serum 
12.5%, f e t a l  c a l f  serum 2.5% and a n t i b i o t i c s  (Gentamycin 40ug/rnl and 
p e n i c i l l i n  G 1000 u n i t s / m l ) .  C e l l s  were incubated in  a 5% COg, 95% 
a i r  atmosphere in a humidified incubator.  For the assay, c e l l s  were 
washed, t r y p s i n i s e d ,  c e n t r i f u g e d  and resuspended  in  f r e s h  F10 Ham's
3 IImedium to  a concentration of 10^ -  10 ' ce l l s /m l .  Volumes of 0.2ml of 
p repared  c e l l s  were added t o  w e l l s  of  a m ic r o t i t r e  p l a t e  and 
incubated. Incubation was continued u n t i l  c e l l s  had at tached to  the 
m ic ro t i t r e  p la te  and formed is lands  of c e l l s  (normally 24-36 hours). 
After incubation, volumes of  0.05 ml of t e s t  f i l t r a t e s  were added to  
i n d i v i d u a l  w e l l s  and l e f t  f o r  10 minutes. A f te r  which th e  t i s s u e  
cu l tu re  medium containing t e s t  f i l t r a t e  was removed by suct ion, the 
c e l l s  washed, f r e s h  t i s s u e  c u l t u r e  media added and the  p la te  
reincubated. After 6 and 18 hours, c e l l s  were examined fo r  rounding; 
a pos i t ive  reaction was in te rp re ted  by having more than 10% of c e l l s  
rounded (Sack and Sack 1975).
2.3.8. Infant mouse assay
Test culture f i l t r a t e s  (Irai) were mixed with Evan's blue (0,05 ml). 
Volumes o f  0,1 ml of  the  co lou red  f i l t r a t e  were i n j e c t e d  i n t o  th e  
stomach of  3-4 day old  mice u s ing  a 28 gauge need le  and a t u b e r c u l i n  
syringe. Three mice were used for  each toxin sample. After  4 hours 
incubat ion at ambient temperature (20-23^0) the mice were s ac r i f i ced ,  
t h e i r  i n t e s t i n e s  removed and weighed. F lu id  accum ulation was 
exp ressed  as a r a t io  of  i n t e s t in a l  t o  remaining body w e igh t ;  a 
p o s i t iv e  resu lt  was a ratio  value greater than 0.090.
2.3.9. Sereny t e s t  for  invasiveness
The t i s s u e  i n v a s i v e n e s s  of  s t r a i n s  was t e s t e d  according t o  th e  
method of  Sereny (1955). With a m ois tened  swab the  growth from a 
blood agar p l a t e  was removed and resuspended  in  1 ml of  1/4 s t r e n g t h  
Ringer's solution. Normally up to  5 t e s t  strains were resuspended in
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a s i n g l e  s o l u t i o n .  A volume o f  0.1ml of  th e  pooled 
s uspens ion  of  5 s t r a i n s  was i n s t i l l e d  i n t o  th e  eye of  a gu inea  pig. 
E x p e r im en ta l  guinea  p ig s  were examined d a i l y  up t o  5 days f o r  
k e ra to c o n ju n c t iv i t i s .  Pooled suspensions were t e s ted  in batches; for  
every batch an invasive Shigel la  s t r a i n  was examined.
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3. Second stage ch a rac te r i s a t io n  of  Vibrio i s o l a t e s
3.1 General methods and media
Fresh  c u l t u r e s  of  i s o l a t e s  were prepared  from "working" stock  
cultures by subculture onto GA pur i ty  plates. Isolated colonies  were 
i n o c u l a t e d  i n t o  broth co n ta in e d  in  i n d i v i d u a l  w e l l s  o f  Repl i
d ish (he reaf te r  re fe r red  c o l l e c t iv e ly  to  as Repli dish) and incubated 
a t  30°C for  hours. Unless otherwise specif ied ,  s tandardized inocula 
w i l l  r e f e r  to  th e  volumes taken from th e s e  Repl i  d i s h  w e l l s  using a 
manually operated multipoint inoculator. All t e s t s  were incubated a t  
30 ±  2°C unless  stated otherwise.
The composition of commonly used media in g litre"** are:
TiNi.5 broth: t ryptone,  10; sodium chloride (Analar), 15; pH 7.0.
G e l a t i n  Agar (GA): G e l a t i n ,  4; n u tr ien t  agar (Oxoid), 28; and 
sodium chlor ide ,  10; pH 7.5.
Modified G e la t in  Agar (GA**): G e l a t i n ,  4; n u tr ien t  agar  (Oxoid),
28; sodium chloride, 10; pH adjusted to  8.5 with 1M NaOH
3.1.1. The design and construction of a manually operated m ul t ipo in t  
inoculator.
A v a r i e t y  o f  m u l t i p o i n t  r e p l i c a t o r s  have been designed t o  
simultaneously transfer up to  25 inocula to  an agar surface.  Simple 
r e p l i c a to r s  generally employ rigid  arrays of inoculating elements and 
s u f f e r  from the  d isa d v a n ta g e  of  d e l i v e r i n g  w ide ly  varying i n o c u la  
volumes. This disadvantage i s  overcome by allowing equally weighted 
in o c u la t in g  e lem en ts  t o  hang f r e e l y  from an i n o c u l a t o r  h e ad .  
D epress ing  th e  i n o c u l a t o r  head over  an agar p la te  a l lo w s  th e  
in o c u la t in g  e lem en ts  t o  touch th e  agar  s u r f a c e  s o l e l y  by t h e i r  own 
weight thus delivering standard inoculum volumes. The Ridgeway Watt 
(1975) system, where the inoculator head moves v e r t ic a l ly  w h i l s t  the
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car r iage  which contains both the inocula t ing medium and the agar p la te  
to  be inoculated, moves hor izon ta l ly ,  was employed in the design of a 
manual mult ipo in t  inoculator.
The inocula tor  comprises an aluminium s l id in g  ca r r iage  (A), an 
i n o c u l a t i o n  head (B) connected  t o  an i n o c u l a t i n g  l e v e r  (C) and a 
t r a n s p a r e n t  p l a s t i c  dust cover  (F ig  6). The s l i d i n g  c a r r i a g e  was 
designed to  accept  two 100mm square Repli dishes which were divided 
into 25 square compartments. The carr iage  was manually s l i d  between 
t r a c k s  t o  one of  two p r e s e t  p o s i t i o n s .  P o s i t i o n  1 a l i g n s  th e  Repl i  
dish containing the 25 separa te  inocula under the inocula t ing head and 
p o s i t i o n  2 a l i g n s  th e  Repl i  dish  t o  be i n o c u la t e d .  The i n o c u l a t i o n  
head c o n s i s t s  of  an aluminium p l a t e  d r i l l e d  w i th  25 h o le s .  Through 
each h o le  a weigh ted  s t a i n l e s s  s t e e l  pin c a l ib r a te d  t o  d e l iv e r  a 
standard inoculum i s  allowed to  hang freely . The pins were purchased 
from Denley Instruments  Ltd.
Operation of the inocula tor  was simple. S t ra ins  to  be inoculated 
were suspended in  a l i q u i d  medium co n ta in e d  in  th e  Repl i  dish  
compartments .  The R ep l i  d i s h  t o  be i n o c u l a t e d  was placed on th e  
carriage, i t s  l i d  removed under the p ro tec t ive  canopy. The carriage 
was f i r s t  s l i d  t o  p o s i t i o n  1 and th e  i n o c u l a t i o n  head lowered t o  
charge the inocula t ion pins. The carriage was then s l i d  to pos i t ion  2 
and the head lowered enabling the inocula to be transferred from the 
pins and deposited on the agar surface. The car r iage  was re turned to  
i t s  o r ig in a l  p o s i t i o n  and th e  l i d  replaced on th e  R ep l i  d i sh .  This  
cycle was repeated for  each t e s t  medium to  be inoculated. Inocula t ing 
pins were s te r i l i s e d  by flaming in alcohol.
3.2 Morphological characteristics
3.2,1 Gram reaction
Smears were prepared from young cu l tu re s  (18-24 hours) as wel l  as 
older c u l t u r e s  (3 days) grown on GA p l a t e s .  They were sta in ed  by 
Gram's method as  m odified by Hucker and Conn (1923). The s t a i n i n g  
reaction and shape of the organism was noted.
IIS
FIG 6 The manual mult ipo in t  inocula tor  used in the
ch a r a c te r i s a t io n  o f  s t r a in s
KEY A = s l id i n g  carr iage  
B = inocu lat ing  head 
C = inocula t ing  l ever
* This inocu la tor  was designed and constructed  with the help o f  
Mr. R. Francis ,  B io log ica l  S erv ices  workshop. U n iv e r s i ty  o f  
Surrey.
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Cell s ize  was determined by examining 18 hour Gram s ta ined  smears: 
20 b a c t e r i a l  c e l l s  were measured, u s ing  a c a l i b r a t e d  eyep iece  
g r a t ic u le ,  along the short  and long axes. Cells  were considered to  be 
: la rge  (greater  than 2um) or medium (1 to 1.95um) or of small length 
(0.5 to  0.95ura) and e i th e r  narrow (0.2 to  0.45urn) or wide (greater  
than 0.5 urn) on the bas is  of their modal form.
3.2.2 Swarming phenomenon
The a b i l i t y  of i s o l a t e s  to  swarm in surface cu l tu re  was t e s ted  on 
marine agar prepared according to  the method of Furniss  e t  a l . .(1978). 
Inoculated Repli dishes were examined after 24 hours.
3.3 Physiological characteristics
3.3.1. Growth a t  different temperatures
Tubes of  T-|M-|^  ^ b r o th  c o n ta in in g  0.1% w/v t é t r a z o l i u m  s a l t ,  
equ i l ib ra ted  a t  the te s t  temperature, were inoculated with 0.02 to  0.04 
ml o f  t e s t  c u l t u r e  of  approximate d e n s ity  10^ CFU/ml. C u l t u r e s  a t  
t e s t  t e m p e r a tu r e s  o f  42° and 45° were incubated in  covered water  
b a th s ;  t e s t  temperatures o f  10° and 15°C were m aintained in  
thermostatically controlled refrigerated incubators (accuracy ± 1°C). 
Cultures were examined for  the formation of the red dye formazan a t  1, 
2,  4, 7 and 14 days. A c o n t r o l  tube  incubated a t  37°C was put  up f o r  
every i s o l a t e  tested.
3.3.2 . Growth a t  d i f f e r e n t  sodium chloride concentrations
Sodium ch lo r id e  requirement and t o l e r a n c e  was t e s t e d  in  Repl i  
dishes containing basal media to  which concentrat ion of : 0, 1, 3, 5, 
6, 7, 9 and 10% sodium ch lo r id e  (Analar) had been added. Growth was 
examined for  a f t e r  1, 2, 4 and 7 days. The basal medium contained (g 
l i t r e " b :  peptone (Oxoid), 10; and Davis Agar, 15.
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33.3 Resistance to  chemical agents
The a b i l i t y  of  i s o l a t e s  t o  grow in th e  p resence  of  sodium l a u r y l  
s u lp h a t e  (0.01% w/v),  n e u t r a l  red  (0.001% w/v) and b r i l l i a n t  g reen  
(0.00125% w/v) was te s ted  in Repli dishes containing the t e s t  chemical 
incorporated in to  a n u t r i e n t  medium. The n u t r i e n t  medium contained (g 
litre"**): peptone (Oxoid), 10; sodium chloride (Analar), 15; and Davis
t
( agar,  15. The presence of growth was examined for  after 1, 2, 4 and 7
days.
3.3.4. S u rv iv a l  a t  50°C
The a b i l i t y  of  i s o l a t e s  to  s u rv iv e  h e a t i n g  to  50°C f o r  10 and 30 
minutes was determined in a covered water bath. Tubes of broth
equ i l ib ra ted  a t  50°C were inoculated to  a concentration of 1-2 x 10? 
organ isms  ml"**. Volumes of  0.1 ml were withdrawn a f te r  10 and 30 
minutes to  fresh broth. Vis ib le  tu rb id i ty  after 24 hours was
examined for.
3.3.5 Growth on 10% b i l e
B i l e  (10%) n u t r i e n t  medium c o n t a i n e d  in  R ep l i  d i s h e s  were 
inoculated with the s t r a in s  under review. The presence of growth was 
examined for  after 1,2,4, and 7 days.
3.3.6 Growth in KCN broth
Tubes of modified KCN broth were inoculated with 0.02 to 0.04 ml of 
t e s t  cu l tu re  of approximate density 10^ organisms mil"**. Cultures were 
examined fo r  v i s i b l e  tu rb id i ty  a f t e r  1,2,7 and 14 days. The KCN broth 
was p repared  a cc o rd in g  to  Cowan (1974); m od if ied  by i n c r e a s i n g  th e  
NaCl concentration to  1.5% w/v.
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3.4 Fermentation s tud ies  and n u t r i t i o n a l  screening
3.4.1. Gas production from glucose
Gas production from glucose was detected  using an inver ted  Durham 
tu b e  in  Andrade’s peptone water base c o n ta in in g  \% sodium ch lo r id e .  
After in c u b a t io n  a t  30°C f o r  18 hours  c u ltu r e s  were checked f o r  gas 
accumulation. I f  negative cultures were reincubated for  a further 18 
hours.
3.4.2. Fermentation s tudies
The following su b s t ra te s  were prepared as 10% w/v stock so lu t ions  
and s t e r i l i s e d  by f i l t e r i n g  through m i l l i p o r e  0.22 urn membranes: D 
a r a b in o s e ;  f r u c t o s e ;  D mannose; D g a la c to se ,  mannitol; d u l c i t o l ;  
s o r b i t o l ;  s u c r o s e ; l a c t o s e ;  m a l to se ;  sa la c in ;  a d o n ito l;  c e l l o b i o s e ;  
g l y c e r o l ;  i n o s i t o l ;  i n u l i n ;  r a f f in o s e ;  rhamnose; tr e h a lo se ;  xy lo se ;  
melibiose  and melezi tose.
F i l t e r  s t e r i l i s e d  su b s tr a te s  were a s e p t i c a l l y  added to  s t e r i l e  
Andrade peptone water m odif ied  by i n c r e a s i n g  th e  sodium c h lo r id e  
concentrat ion to  1.5% (w/v), to  give a f in a l  subs t ra te  concentration 
of  0.1% w/v, and dispensed in to  Repli dishes. Control tubes without 
substrate were s e t  up for  every s t r a in .  Inoculated Repli dishes  were 
examined daily, up to  7 days, for  acid production.
3.4.3. Nutritional screening with s ing le  carbon sources.
The fo l lo w in g  carbon so u rc e s  were prepared as  10% w/v s to c k  
s o lu t io n s  and s t e r i l i s e d  by f i l t e r i n g  through m il l ip o r e  0.22 urn 
membranes: sodium ace ta te ;  alanine;  glycine;  inu l in ;  sodium l a c t a t e ;  L 
ly sin e  monohydrochloride; sodium malonate; prol ine;  L asparagine; L 
a s p a r t i c  acid; serine; L val ine ;  methionine; D.L. tryptophan; sodium 
g l u c o n a t e ;  L g l u t a m i c  a c i d ;  sod ium  c i t r a t e ;  sodium formate;  
phenylalanine; h i s t id in e ;  a r a b in o se ;  mannose; sucrose; l a c t o s e ;  
s u c c i n a t e ;  s o r b ito l ;  s a l i c i n ;  t h r e o n in e ;  i n o s i t o l ;  t y r o s i n e  and 
oxaloacet ic  ac id .
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The basal medium of Clowes and Hayes (1968) modified by so l id i fy ing  
t h e  medium w i th  1.5% Davis Agar and i n c r e a s i n g  the  sodium c h l o r i d e  
(Analar) concentrat ion to  1.5% w/v, was used. The f i l t e r  s te r i l i s e d  
s u b s t r a te s  were added a s e p t ic a l ly  to  s t e r i le  basal media to  a f i n a l  
concentrat ion of 0.1% w/v and the media dispensed in to  Repli dishes. 
Posi t ive  (glucose as substrate) and n e g a t iv e  (no s u b s t r a t e )  c o n tr o ls  
were put  up f o r  every t e s t  s t r a i n .  Inoculated  R ep l i  d ish es  were 
examined d a i l y  up to  7 days f o r  growth.  In  a l l  c a ses  d i s c e r n a b l e  
growth was scored a g a i n s t  th e  n e g a t iv e  c o n t r o l  p la te .  All  s t r a i n s  
were t e s t e d  f o r  growth on each carbon su b str a te  a t  l e a s t  tw ice .  
Ambiguous resu lts  were retested u n t i l  a clear cut resu lt  was produced.
3.5 Biochemical characteristics
3.5.1. N i t r a t e  reduction
S t ra in s  were inoculated in to  Repli dishes  containing (g l i t r e  ”■**): 
b ee f  e x t r a c t  3; peptone, 5; po tass ium  n i t r a t e ,  1.0; sodium c h l o r i d e ,  
15; and Davis agar ,  3.
After 72 hours i n c u b a t io n ,  two drops  o f  s u l p h a n i l i c  a c id  and 
dimethyl alpha naphthylaraine r e a g e n t  (Cowan, 1974) were added. The 
development of  a red  co lo u r  was recorded as p o s i t iv e .  All  n eg a t iv e  
cu l tu re s  were examined for  re s idua l  nitrate  by adding zinc granules; 
i f  n i t r a t e  was p r e s e n t ,  then s tr a in s  were r e t e s t e d  b efore be ing  
accepted as negative.
3.5.2. N i t r i t e  reduction
Strains were inoculated in to  Repli dishes containing (g l i t r e ” **): 
peptone, 10; sodium c h l o r i d e ,  15; sodium n i t r i t e ,  1; and Davis a g a r ,  
3.
A fte r  72 hours i n c u b a t io n  two drops of  s u l p h a n i l i c  a c id  and 
dimethyl alpha naphthylamine r e a g e n t  (Cowan, 1974) were added. The 
development of a red  colour was recorded as n e g a t i v e ,  whereas  a 
co lour le ss  so lu t ion  was taken as positive.
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3.5.3. M oti l i ty  Indole Urea medium (MIU medium)
The combined MIU medium of Hormaeche and Peluffo  (1959) was used to  
check th e  m o t i l i t y  and th e  a b i l i t y  of s tr a in s  to  hydrolyse urea  and 
produce indole. Strains which hydrolyse urea turn the MIU medium from 
yellow  t o  red .  M ot i le  cu ltu r e s  p r o g re s s  th rough  th e  medium, w h ile  
non-motile cultures grow only along the stab. Indole production was 
detected by a paper str ip  impregnated with oxalic  acid held near the 
mouth of the t e s t  tube by a cotton plug. Kovacs reagent was added to  
the agar surface of tubes which f a i l e d  to  change the paper indicator  
pink.
The MIU medium contained (g 1"**): peptone, 30: KH2PO4 , 2; NaCl, 5g; 
Agar, 3g and 2ml of  a 0.2% a l c o h o l i c  s o l u t i o n  of  phenol red .  The 
medium was autoclaved a t  121 °C fo r  15 minutes: 10rals of a 20% s t e r i l e  
urea s o lu t io n  was added t o  each 90ml of  s t e r i l e  medium. The MIU 
medium was d i s t r ib u te d  in 5ml volumes in s te r i l i s e d  tubes and allowed 
to  s o l id i fy  in an upr ight posit ion.
For the t e s t  cu l tu re s  were stabbed using a straight wire in to  the 
medium and incubated at 37°C fo r  24 hours.
3.5.4 . Decarboxylase and dihydrolase t e s t s
The a b i l i ty  of s t r a i n s  to  decarboxylate or dihydrolate amino acids 
was t e s t e d  using H o l l e r ’s medium ( H o l l e r ,  1955), m od i f ied  by th e  
addi t ion of sodium chloride.  To the basal medium was added one of the 
following amino acids to  a f in a l  concentration of 1% w/v: L-lysine;
L-arginine and L-ornithine. For the t e s t  strains were inoculated in to  
: (a) basa l media w ithout added amino ac id s  and (b) i n t o  basal media 
containing the appropriate amino a c id .  A fter i n o c u l a t i o n  each t e s t  
was covered w ith  a la y er  (5mm) of  s t e r i l e  p a ra ffin  o i l .  After
incubation a t  30°C fo r  24 hours t e s t s  were read as fol lows: medium (a)
-  y e l l o w  c o l o u r i s a t i o n  t h r o u g h o u t  th e  medium due to  g lu co se  
f e r m e n t a t i o n  and (b) p o s i t i v e  r e s u l t  purple c o lo u r isa t io n  due to
a lk a lin ity  as a r e s u l t  of amino acid breakdown.
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3.5.5 Oxidase t e s t
F i l t e r  paper  (Whatman No.1) was soaked w ith  ox idase  r e a g e n t ,  
tet ramethyl-p-phenylenediamine d i h y d r o c h lo r i d e ,  (Kovac, 1956). The 
f l a t  end o f  a t o o th p ic k  was used t o  t r a n s f e r  a s m a l l  portion  of  a 
colony from a n u t r i e n t  agar p la te  onto the paper. The development of 
a bluish-purple colour within ten  seconds was recorded as positive.
3.5.6. Methyl red and Voges-Proskauer t e s t .
S t r a i n s  were i n o c u l a t e d  i n t o  d u p lica te  Repli d ish es  c o n t a in in g  
glucose-phosphate media (Oxoid, CM 43) modified by increasing the NaCl
concentrat ion to  1.5% w/v.
After 24 and 72 hours  acid  (MR t e s t )  and a cety lm eth y lca rb in o l  
production (VP t e s t ,  Barritt's method) was t e s ted  according to  Cowan 
(1974).
3 .5 .7 . Aesculin  hydrolysis
The a b i l i t y  of i s o l a t e s  t o  h y d ro ly se  a e s c u l i n  t o  a e s c u le t in  and 
glucose was tested according to  Sneath (1956).
S t ra in s  were inoculated into Repli dishes  containing (g l i t r e "  ): 
pep tone ,  10g; sodium ch lor id e  (Analar), 15; f e r r i c  c i t r a t e ,  0.05; 
a e s c u l i n ,  1; and Davis  agar, 15. Inoculated  d i s h e s  were examined 
da i ly  for  blackening of the medium. S t ra in s  were scored negat ive i f  
a f t e r  7 days the medium remained colour less .
3.5.8. Tyrosine hydrolysis and pigmentation
S tra in s  were in ocu la ted  i n t o  Repl i  d i s h e s  conta in ing  (g l i t r e ” ) : 
peptone, 5; beef extract, 3; L- ty tos ine ,  5; sodium chloride, 7.5g and 
Davis agar, 11.
Inoculated  p la te s  were examined d a i ly  and scored p o s i t i v e  f o r
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t y r o s i n e  h y d r o ly s i s  i f  c l e a r i n g  of  th e  medium around th e  b a c t e r i a l  
colony had occurred .  S t r a i n s  which produced a brown pigment  were 
scored p o s i t iv e  for  pigmentation.
3.5.9. Hydrogen sulphide production
Strains were inoculated onto slopes of media containing (g l i tr e "  
**): peptone, 10; sodium chloride, 15; cysteine, 1; and Davis agar,  15; 
contained in  bijou b o t t l e .  F i l t e r  paper impregnated with lead ace ta te  
(Cowan, 1974) was in ser ted  between th e  caps and the  b o t t l e s .  These 
were incubated f o r  5 days and examined d a ily  fo r  b lac k e n in g  o f  the  
f i l t e r  papers.
Strains were a lso  inoculated in to  K l ig le r  Iron Agar and incubated 
f o r  3 days. Blackening  of  th e  medium was taken  as p o s i t i v e  f o r  
hydrogen sulphide production.
3.5.10 Koser’s c i t r a t e
Strains were inoculated in to  Repli dishes  containing Koser c itra te  
medium (Oxoid CM 65), m odified by in crea s in g  th e  sodium ch lo r id e  
concentration  t o  1.5% w/v. Inoculated  R epl i  d i s h e s  were examined 
d a i l y  f o r  c i t r a t e  u t i l i s a t i o n ;  v i s u a l i s e d  by a change in  the  pH 
indicator from green to  blue.
3.5.11 Phenylalanine deaminase t e s t
Strains were inoculated in to  Repli dishes  containing (g l i t r e  " ”*): 
DL phenylalanine, 2; yeast extract, 3; sodium chlor ide ,  15.0; disodium 
phospha te ,  1.0; and Davis agar ,  12. A f te r  3 days i n c u b a t io n ,  Repl i  
d i s h e s  were f looded  w ith  a c i d i c  f e r r i c  ch lo r id e  (Cowan and S t e e l ,  
1974); greening of the medium was considered pos i t ive .
3.5.12 Gluconate o x id a t io n
Strains were inoculated in to  tubes containing (g l i t r e - 1 ) :  peptone, 
1.5; y e a s t  e x tr a c t ,  1.0; d ip o ta s s iu m  phosphate, 1.0; po ta ss iu m
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gluconate,  40 and sodium chloride ,  15 (McFaddin, 1976). After 3 days 
i n c u b a t i o n ,  1 ml o f  B e n e d ic ts  r e a g e n t  was added t o  each tube ;  tu b e s  
were then  p laced  i n t o  a b o i l i n g  water ba th  f o r  15 minutes. A b r i c k  
red to  orange colourat ion was scored pos i t ive .
3.5.13 Starch hydrolys is
S t ra in s  were inoculated in to  Repli dishes  containing (g l i t r e ” **): 
p o t a t o  s tarch , 10; n u t r i e n t  ag a r  (Oxoid CM 3), 28; and sodium 
chloride, 10. After 5 days incubation. Repli dish w ells  were flooded 
with Lugol’s iodine solution; starch hydrolysis was indicated by clear  
zones around the bacterial growth.
3.5.14 DNAase a c t i v i t y
S tra in s  were i n o c u l a t e d  i n t o  R ep l i  dishes containing DNAase agar 
(Oxoid  CM 321) m o d i f i e d  by i n c r e a s i n g  t h e  sod ium  c h l o r i d e  
concentration to  1.5% w/v. After 5 days incubation. Repli dishes  were 
f looded  w ith  IM I-El. B r ig h t  ro se  p ink zones around the  colony were 
scored pos i t ive .
3.5.15 Gelatinase a c t i v i t y
Strains were inoculated into Repli dishes containing (g l i t r e ” ”*): 
gelatin , 4; Nutr ient Agar (Oxoid) 28; and sodium chloride, 10. After 
3 days incubation , each Repl i  d i s h  w e l l  was flooded  w ith  F r a z i e r ’s 
Mercuric chloride (Cowan, 1974); clear ing  around the colony was scored 
p o s i t iv e .
3.5.16. Le c i th in ase  a c t i v i t y
Strains were inoculated in to  Repli dishes containing (g l i t r e ” **): 
Nutr ient Agar (Oxoid), 28; sodium chloride, 10; and egg yolk emulsion 
(Oxoid),  100 ml. Inoculated  R epl i  d ish es  were examined a t  d a i l y  
in te r v a ls  up to  7 days; a zone of  o p a le sce n t  around th e  b a c t e r i a l  
colony was considered posi t ive .
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3.5.17 Hydrolysis of Tween 80
Stra ins  were inoculated in to  Repli dishes  containing (g l i t r e ” **): 
pep tone ,  10; sodium c h l o r i d e ,  15; ca lc ium  c h l o r i d e ,  0.1; Davis Agar, 
15 and Tween 80, 10ml. In o c u la t e d  p la te s  were examined a t  d a i l y  
i n t e r v a l s  up to  7 days;  p r e c i p i t a t i o n  of  ca lc ium  s a l t s  around th e  
colonies  was scored posit ive .
3.5.18 Phosphatase a c t i v i t y
Strains were inoculated in to  Repli dishes containing (g litre"**): 
bee f  e x t r a c t ,  3; pep tone ,  5; sodium ch lo r id e ,  15; Davis Agar,  15 and 
phenolphthalein diphosphate sodium s a l t  (Oxoid), 20ml. After 5 days 
i n c u b a t io n ,  c o lo n ie s  were exposed t o  ammonia vapour; b r i g h t  p ink 
colonies  were scored pos i t ive .
3.6 Studies on haemolysis
3.6.1. Agar plate haemolysis method
The medium and method of  S a k a z a k i ^ ^ . ,  (1971), m odified by t h e  
use of  g o a t  red blood c e l l s ,  was used t o  t e s t  th e  a b i l i t y  o f  i s o l a t e  
t o  produce B-haeraolysis. Inoculated Repli dishes were examined a f t e r  
22-24 hours .  A p o s i t iv e  r e s u l t  was in ter p r e ted  t o  be a zone of
haemolysis g rea te r  than 1mm.
3.6.2. Tube method for  so luble  haernolysin
S tra in s  were t e s t e d  f o r  t h e i r  a b i l i t y  to  produce a s o lu b l e  
haernolysin according to the method of Feeley and Pittman (1963). 0.5
ml of  a 24 hour b ee f  heart (Difco) broth pH 7.4 (sodium c h l o r i d e  
concentration  1.5% w/v), was mixed w ith  0.5 ml of  a 1% suspension  of 
sheep e r y t h r o c y t e s ,  and incubated a t  37° f o r  2 hours  fo llo w ed  by 
o v e r n ig h t  r e fr ig e r a t io n  a t  4°C. Those tubes which f a i l e d  to  form a 
button of c e l l s ,  but appeared as a red solu t ion ,  were scored pos i t ive .
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3.6.3. Kanagawa t e s t
The a b i l i t y  of s t r a i n s  to  haemolyse human red c e l l s  was te s ted  on 
Wagatsurna’s medium ( F u rn i s s  e t  â l . ?  1978). The medium c o n ta in e d  1% 
p e p t o n e ,  0.5% y e a s t  e x t r a c t ,  0.5% m a n n i t o l ,  0.5% d ip o ta s s iu m  
o r th o p h o sp h a te ,  7% sodium c h lo r id e ,  1.5% agar  and 0.001% c r y s ta l  
v io le t .  The ingred ien ts  were dissolved with heat,  the pH adjusted to
7.5 and the medium s t e r i l i s e d  by a u toc lav in g  a t  121 °C f o r  15 mins. 
A fter a u to c l a v in g  th e  medium was cooled  t o  45°C and 5% s t e r i l e  
defibrinated human blood was added.
3.7 Agglutination studies
3.7.1. S t r i n g  t e s t
The method o f  Smith (1970) was used. I s o l a t e s  from an 18 hour GA 
p la te  were emulsified in 0.5% sodium deoxycholate on a g lass  s l ide .  A 
p o s i t i v e  r e a c t i o n  was in d ica ted  by an i n c r e a s e d  v i s c o s i t y  of th e  
e m u ls if ie d  c u l t u r e  d e t e c t e d  by r a i s i n g  s low ly  th e  i n o c u l a t i n g  loop  
from the g lass  s l ide :  a "string" of emuls if ied  culture extending from 
the s l id e  to  the loop was formed.
3.7.2. Chick c e l l  haemagglutination
S tra in s  were e m u l s i f i e d  in  a drop of  2.5% su sp en s io n  of  f r e s h l y  
washed ch icken  red  c e l l s  in  s a l in e ;  clumping of  th e  c e l l s  w i th  a 
minute was scored po s i t iv e  (F inkels te in  and Mukerjee, 1963).
3.7.3 0 Group 1 agg lu t ina t ion
S tra in s  were e m u ls if ie d  in  3 separate  drops of  0.85% s a l i n e  on a 
g l a s s  s l i d e :  to  one drop was added a l o o p f u l  of  f r e s h ly  p rep a red  
1:1000 acriflavine solu t ion;  to  the second drop was added a loopful of
polyvalent  0 Group 1 serum; the th i rd  drop served as a sa l ine  control.  
Complete mixing was accomplished by gently  rocking and t i l t i n g  of the 
s l id e .
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R e s u l t s  were reco rd ed  p o s i t i v e  i f  a g r a n u l a r  su sp en s io n  formed 
w i t h i n  1 minute  of  ro c k in g  in  the  second bu t  not  th e  f i r s t  or t h i r d  
c u l t u r e  suspensions.
3.8 S e n s i t iv i ty  to  the v i b r i o s t a t  0129
3.8.1 0129 disc  s e n s i t iv i ty  method
The m ethod  o f  F u r n i s s  ^ t  ^ . , (  1978) was u se d  t o  t e s t  t h e  
s e n s i t i v i t y  of s t r a i n s  t o  th e  v i b r i o s t a t i c  agen t .  Two s o l u t i o n s  of  
7500 and 500 ug/ml of the phosphate de r iva t ive  of 0129 were prepared. 
Volumes of  0.02 ml of the appropriate d i lu t io n  of  0129 were applied to 
6mm diameter Whatman an tib io tic  assay discs. Thus each d isc  contained 
e i th e r  150 ug ml (0.02 o f  7,500) or lOug ml (0.02 o f  500) o f  0129. 
D iscs  were s to r e d  in  a r e fr ig e r a to r  and used as  r e q u i r e d .  For th e  
t e s t  d iscs  were placed on a nutrient agar containing 1.5% NaCl lawn of 
th e  t e s t  c u l t u r e  and incubated a t  30°C f o r  18 hours .  T es t  cu ltu re s  
were scored f o r  s e n s i t i v i t y  t o  10 and 150ug o f  0129; v i s u a l i s e d  by 
zones of in h ib i t io n  around each t e s t  disc.
3.8.2. 0129 minimal inhibitory concentration determinations
The minimum inhibitory concentration (MIC) of 0129 was determined 
by an agar plate method where the a b i l i t y  of strains to grow on s a l t  
n u t r i e n t  agar  c o n ta in in g  various concentrations of 0129 was tested.  
To volumes o f  60 mis of  molten  s a l t  n u tr ie n t  ag a r  (1.5% NaCl) were 
added s t e r i l e  s o lu t io n s  of  0129 s u f f i c i e n t  t o  g iv e  f i n a l  0129 
con cen tra tion s  of  (ug/m l) ;  400; 200; 150; 100; 75; 50; 40; 20; 10; 
7.5; 5 and 1. The 0129 c o n ta in in g  mol ten  s a l t  n u t r i e n t  ag a r  was 
poured i n t o  100mm square  Repl i  d i s h e s  and allow ed t o  s o l i d i f y  on a 
l e v e l l e d  surface . Before use p la te s  were d r i e d  a t  40°C f o r  30 
minutes.
Tes t  s tr a in s  were prepared from 6 hour s a l t  n u tr ien t  broth  
c u ltu r e s .  Suspens ions  o f  5 x 10*^  organisms per  ml were added t o  
divided  R epl i  d i s h e s  and used as i n o c u la  t o  seed 0129 t e s t  p l a t e s  
u s in g  th e  manual m u lt ip o in t  i n o c u l a t o r .  I n o c u l a t e d  p l a t e s  were
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incubated a t  30°C for  24 hours. After incubation the highest  d i lu t io n  
of 0129 which inh ib i ted  growth was noted for  each t e s t  s t r a in .
3.9 APIZYH t e s t  system
The APIZYH t e s t  s t r i p s  (Lot number ZEA 21B) were generously donated 
by Dr. B. Thomas, API, Bas ings toke .  The APIZYM t e s t  s t r i p s  a re  
composed o f  20 m ic ro tu b es  which contain  d ehydra ted  enzym at ic  
s u b s t r a t e s  and b u f f e r .  The f o l lo w in g  enzymes a re  d e t e c t e d  by th e  
APIZYM system: 1, control;  2, a lka l ine  phosphate; 3, esterase (04); 4, 
e s te ra se  l ip a se ,  (C8); 5, l ip ase ,  (Cl4); 6, leucine  aminopeptida.se; 7, 
v a l in e  aminopeptidase; 8, c y s t i n e  am inopeptidase; 9, t r y p s i n ;  10, 
c h y m o t r y p s i n , 11, p h o s p h a t a s e  a c i d  ; 12, p h o s p h o a m i d a s e ;  13, 
g a l a c t o s i d a s e ;  14, g a l a c t o s i d a s e ;  15, g lu c u r o n id a s e ;  16, 
g lu c o s id a s e ;  17, g l u c o s i d a s e ;  18, g lu y c o s a m in id a s e ;  19, 
mannosidase; 20, fucosidase.
For the t e s t  the following method was employed. Test strains were 
grown o v e r n ig h t  a t  25°C on n u t r i e n t  agar con^ijing 1% NaCl. A f te r  
i n c u b a t io n  th e  growth was removed from th e  s u r f a c e  of  the  agar  and 
suspended in  1% s a l in e  t o  a d e n s i t y  o f  1.0 x 10*^  CFU ml” **cells. Two 
drops (0.06ml) of  the  b a c t e r i a l  suspension were added t o  each micro 
tube  in  th e  APIZYM s t r i p , lo ca ted  in  a chamber p r e v io u s ly  m o is tened  
w ith  5 mis d i s t i l l e d  water. The chamber was covered w i th  a l i d  t o  
maintain a humid atmosphere and incubated a t  25°C fo r  5 hours. After 
incubation one drop of the APIZYM reagents  A and B were added t o  each 
c ap su le  and th e  in t e n s i t y  of  th e  colour r e a c t i o n  which developed 
within 5 minutes was compared to  the APIZYM colour reaction chart. I t  
was not  p o s s i b l e  to  check th e  r e p r o d u c i b i l i t y  of  r e s u l t s  due to  the 
shortage of te s t  s t r ip s .
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4 Character coding and methods of computer ana lys is
4.1 Character coding of biological a c t iv i t y
The observed  spectrum of b i o l o g i c a l  a c t i v i t y  among i s o l a t e s  was 
coded f o r  computer  purposes  acco rd ing  to  th e ir  p a t t e r n  o f  a c t i v i t y .  
Five q u a l i t a t i v e  charac ters  were used t o  score b i o l o g i c a l  a c t i v i t y .  
S t r a i n s  were scored  p o s i t i v e  i f  they produced: 1) e n t e r i t i s  w i th o u t  
demonstrable enterotoxin;  2) a cholera-like toxin; 3) a ST-1ike toxin; 
4) i f  whole c u ltu r e s  were l e t h a l  f o r  a d u l t  mice and 5) i f  s t e r i l e  
c u l t u r e  f i l t r a t e s  were l e t h a l  f o r  a d u l t  mice. C h a r a c t e r s  1) t o  3) 
were m u tu a l ly  e x c l u s iv e  : i f  a s t r a i n  e l a b o r a t e d  a CT-like to x in  i t  
was scored posit ive  for  charac ter  2 but negative for  character 1 and
3. No s t r a i n  was found to  simultaneously produce a cholera-like and 
ST-like toxin. By d e f in i t io n  a s t r a i n  which produced a CT-like or a 
ST-like toxin was not scored po s i t iv e  for  the e n t e r i t i s  reaction.
4.2 Phenetic c h a r a c t e r i s t i c s
Results of the bacteriological te s t s  were coded fo r  computer input 
1 i f  po s i t iv e  and 0 i f  negative; those t e s t s  giving r e s u l t s  which were 
either a l l  positive  or negative were excluded from the analys is .
A t o t a l  o f  121 c h a r a c t e r i s a t i o n  t e s t s ,  r e p r e s e n t i n g  115 
b a c t e r io lo g ic a l ,  1 e c o lo g ic a l ,  and 5 b io a c t iv i t y  ch a racters ,  were
sco red  f o r  each s tr a in .  These t e s t s  are given  in Table  1S in  th e  
r e s u l t s  sect ion.
4.3 Principal components analys is
The program used to  calculate the p r inc ipa l  components of the data 
was incorporated in  the  C lus tan  1A Manual. A m a t r ix  of  d is ta n ce  
c o e f f i c i e n t s  was used to  ca lcu la te  eigenvalues and eigenvectors.  Maps 
were p lo t ted  using eigenvector 1 aga ins t  eigenvector 2, eigenvector 1 
agains t  eigenvector 3 and eigenvector 2 against eigenvector  3. These 
were examined and t h e  map which showed the  c l e a r e s t  grouping of 
strains was chosen.
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4.4 Numerical taxonomy
Unless otherwise s ta ted  the squared Euclidean d is tance c o e f f ic ie n t  
was used to  ca lcu la te  the s im i l a r i t y  between s t r a i n s  according to  the 
program included in the Clustan 1A Manual (Wishart, 1978). Clustering 
of strains based on s im i l a r i t y  values was carried out by 3 different  
techniques:
Fur thes t  neighbour; Group Average; Lance-Williams f l e x ib l e  beta 
method.
S i m i l a r i t y  between s t r a i n s  was a l s o  c a lc u la te d  u s in g  one of  th e  
following two s im i l a r i t y  c o e f f i c i e n t s  : Jaccard or Pattern difference.
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5. Character isa t ion  of the genome
5.1 Preparat ion of b a c te r i a l  c e l l s
S t ra in s  were subcultured from the working stocks to  GA p la te s  and 
incubated a t  30°C. After  18 hours incubation a c e l l  suspension (circa 
10^ c e l l s  ml) was prepared in  1/4 s t reng th  Ringer’s so lu t ion  from the 
growth on the plate. Separate 0.1 ml volumes of the suspension were 
used t o  in o c u la te  fo u r  s e p a r a t e  50 mis o f  c b r o th  c o n ta in ed  in  
250 ml f lasks .  Inoculated f la sk s  were incubated a t  30°C fo r  18 hours 
on an o r b i t a l  shaker shaking a t  80 cpm. After incubation each f la sk  
was checked f o r  p u r i t y  by d i r e c t  microscopy and subculture onto  GA 
p la te s .  The c o n t e n t s  o f  th e  four  f la s k s  of  th e  t e s t  s t r a i n  were 
c a r e f u l l y  poured in to  a s e r i l e  250 ml MSE capped c e n t r i f u g e  b o t t l e .  
Cells  were harvested by centrifugation a t  10,000 rpm for  30 minutes a t  
4°C. After cen tr i fuga t ion  the supernatant was decanted; the remaining 
1-2 mis o f  c u l t u r e  s u p e r n a t a n t  was removed w i th  a Pasteur p ip e tte ,  
C e l l s  were re suspended  in  about lOmls of  NaCl-EDTA b u ffer  (NaCl, 
0.15M; EDTA, 0.1 OM; pH 8.0),  adjusted t o  a f i n a l  volume of  12-15ml in 
a 100ml b o t t l e  and stored a t  -20°C. Cells were s tored, i f  the pur i ty  
p la te s  were satisfactory , for up to  1 month.
5.2 Lysis of bacterial c e l l s  and removal of bulk pro te in
Cells  were removed from the -20°C r e f r i g e r a to r  and allowed to  thaw 
ou t  a t  22-25°C. Once thawed 1.5ml of  s to c k  s o lu t io n  of  pronase and
1.5 ml of  a s to c k  s o l u t i o n  of  SLS per  15ml of  concentrated  c e l l  
su sp en s io n  was added. The stock  pronase s o l u t i o n  was p repared  by 
adding 0.05s Pronase (BDH 6655360) to  25ml of H2O, a c id i f i e d  to  pH 
5.0; heated to  80° fo r  10 minutes, cooled and t itra ted  to  pH 7.0. The 
stock so lu t ion  thus contained 2000 ug/ml and the f i n a l  concentration 
of pronase in the sample was 200 ug/ml. Hie s tock SLS consis ted  of a 
25% w/v solution and the f in a l  concentration of SLS used to  lyse  the 
c e l l s  was 2-5% per ml. Pronase and SLS treated c e l l s  were heated to  
60°C for  10 minutes, incubated a t  37°C for  2 hours and l e f t  a t  22-25°C 
overnight.
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Sodium p e r c h l o r a t e  (5H) was added to  th e  ly sed  c e l l  suspens ion  
j 4 m l / l 6 m l  o f  l y s a t e ) ,  to  g iv e  a f i n a l  c o n c e n t r a t i o n  of- 1M. The 
p e r c h l o r a t e  was made up f r e s h  each time. The suspension was hand 
shaken f o r  1 t o  2 m inu tes .  An equal  volume of  a 50:50 m ix tu re  of  
phenol  and ch lo ro fo rm  was added t o  the  ly sed  suspens ion .  The 
su sp en s io n  was shaken u n t i l  th e  2 phases were c o m p le te ly  mixed (15 
m in u te s ) .  The phenol was prepared  by adding 0.5g o f  8 -  
hyd ro x y q u in o l in e  and 70ml of  d i s t i l l e d  water t o  a 500g b o t t l e  of  
Analar phenol and l e f t  f o r  24 h r s  t o  l i q u e f y .  Chloroform was a 
m ix tu re  of  ch lo ro fo rm  and i so a m y la l c o h o l  (24:1) ,  The r e s u lta n t  
emulsion was c a r e fu l ly  decanted i n t o  capped c e n tr ifu g e  tubes (2 x 
50m l),p laced in  p la s t i c  bags and then  i n t o  a c e n tr ifu g e  r o t o r .  The 
em ulsions were c e n t r i f u g e d  f o r  30 mins a t  15000 rpm at 4°C. After  
centrifugation the aqueous upper phase was carefully  removed by a wide 
mouthed (2-4mm) Pasteur p ip e t te  and placed into a 100ml beaker. Twice 
th e  volume of  cold (-10 t o  -20°C) 95% e th a n o l  was c a r e f u l l y  layered  
onto  th e  aqueous phase. The r e s u l t a n t  p r e c i p i t a t e  was c o l l e c t e d  by 
'spooling* onto a g lass  rod. The precipitate was dried in a i r .
The dry p r e c ip i ta te  was unwound from the g lass rod by immersion in 
10mis of  0.1 X SSC (standard s a l i n e  c i t r a t e :  sodium c h lo r id e ,  0.15 M 
and t r i s o d i u m  c i t r a t e  0.015M) and allow ed to  d i s s o l v e  at  4°C w ith  a 
drop (0.1ml) of chloroform added as a preservative.
5.3 Removal of RNA and residual protein
Once the  DMA was d isso lv e d  (about 4 days a t  4°C) 0.03 ml of stock  
RNAase so lu t io n  was added t o  1.1 ml of  crude DNA s o l u t i o n  and 
incubated a t  37°C fo r  1 hour. The stock RMAase solution was prepared 
as fo l lo w s :  0.2g RMAase (BDH 6688870) was d isso lv e d  in  10mis o f  acid
Ma Cl, 0.15M pH 5.0) and heated t o  80°C f o r  10 m inu tes .  A fter the
RMAase t r e a t m e n t  th e  crude DMA s o lu t io n  was t r e a t e d  w i th  0.03 ml of  
Pronase per  1.1 ml of  s o l u t i o n  and in c u b a te d  a t  37°C f o r  a f u r t h e r  1 
hour. The Pronase s o l u t i o n  was prepared as fo l lo w s :  0.02g Pronase 
(BDH 6655360) was d i s s o l v e d  in  10mis o f  a c id  MaCl heated t o  80°C f o r  
10 minutes and t itra ted  to  pH 7.0.
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A f te r  t h e  enzym at ic  t r e a t m e n t s  th e  crude DMA s o l u t i o n  was 
deproteinized  with chloroform (chloroform-isoarnylalcohol 24:1). Equal 
volumes of DNA so lu t ion  and chloroform were mixed by vigorous shaking 
fo r  5-10 minutes,  then centr ifuged fo r  15 minutes a t  3000g. Tne upper 
aqueous phase which co n ta in e d  th e  DMA was p i p e t t e d  o f f  and th e  
d e p r o t e i n i s a t i o n  p rocedure  r e p e a t e d  u n t i l  t h e r e  was no i n t e r f a c i a l  
p r e c ip i t a t e  (4-5 times).  Tlie deproteinized DMA sample was adjusted to  
SSC by the addi t ion of xIO SSC and p rec ip i ta te d  with twice the volume 
of cold ethanol (-20°C), the p r e c ip i ta te  spooled onto a g lass  rod and 
dissolved in f re sh  0.1 x SSC.
Depending on the y ie ld  of  DMA the sample was e i th e r  fu r the r  treated 
with RMAase or s e le c t iv e ly  p r e c i p i t a t e d  w ith e th o x y e th an o l .  I f  the  
y i e l d  o f  DMA was high  the  sample was t r e a t e d  w i th  0.03 ml of  RMAase 
per  1.1 ml of  s o l u t i o n  and in cu b a ted  a t  37°C f o r  1 hour. A fte r  
incubation  i f  the so lu t io n  was s t i l l  t u r b i d  th e  sample was trea ted  
with Pronase as described above. Otherwise the sample was adjusted to  
SSC by the addition of x10 SSC and deprotein ized with chloroform un til  
no in t e r f a c i a l  p r e c ip i ta t e  remained.  Twice th e  volume of  co ld  95% 
ethanol was added to  the deproteinized sample and the p rec ip i ta te d  DMA 
co l lec ted  on a g lass  rod and then dissolved in  0.1 x SSC (5-8ml). The 
dissolved DMA was stored at 4°C with a drop of chloroform u n til  needed 
(between 8-14 weeks).
The dissolved DMA so lu t ion  was made up to  SSC by the addi t ion  of 10 
X SSC. The DMA was s e l e c t i v e l y  p r e c i p i t a t e d  w ith  e th o x y e th a n o l  (4-  
8mls); t h e  p r e c i p i t a t e  c o l l e c t e d  on a g l a s s  rod and washed w ith  95% 
e th a n o l .  All  g l a s s w a r e  a f t e r  t h i s  s t a g e  had been acid  washed (0.1% 
HCl) and rinsed  in  d i s t i l l e d  water. The a lc o h o l  washed DMA was 
d isso lv e d  in  0.1 xSSC ( th e  volume depending on th e  con cen tration  of 
DMA but usually  between 2-5 ml).
5.4 Purity  checks on the DMA samples.
The pur i ty  of the DMA was checked by a spec t ra l  scan between 220 to  
290nm and th e  230: 260: 280 nm absorbance  r a t io s  determined. The 
concentration  of  DMA o b ta in ed  was determined by a c c e p t in g  t h a t  an
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absorbance value of 1 at 2&] nm was equivalent to 50 ug DMA ml~1.
5.5 Determination of %GC composition
The sp e c t ro p h o to m e te r  (Beckman Model SP24) was i n i t i a l l y  blanked 
a g a i n s t  a i r  and su b se q u e n t ly  a g a i n s t  0.1 x SSC co n ta in e d  in  a 1cm 
l i g h t  pa th  s i l i c a  c e l l .  Between 120-150 ug of  p u r if ie d  DNA was 
d is so lv e d  in  2.5 mis of  0.1 x SSC. The absorbance of  th e  t e s t  DMA 
sample was determined at 260 nm and the  reading was suppressed by the 
a d d i t i o n  o f  0.05 -  0.1 ml of  guanine t o  th e  re feren ce  0.1 x SSC 
so lu t io n .  (The guanine s o lu t io n  was prepared by d is s o lv in g  1 mg of  
guanine to  1ml of  1M HCl). A temperature probe accurate to  0.1 ^ C was 
added to  t h e  DMA s o l u t i o n .  Both the  referen ce  and th e  t e s t  c u v e t te s  
were t i g h t l y  stoppered. The DMA solution was equilibrated at 50°C for  
10 minutes and every subsequent second minute  th e  t e m p e r a tu r e  was 
increased by 1°C. Hie absorbance of the DMA was recorded continuously 
on a Beckman chart recorder and the corresponding temperature manually 
noted every 0.5°C increase. The melt ing temperature (Tm) corresponded 
t o  t h e  m idpo in t  of  th e  absorbance in crea se .  A ty p ic a l  m e l t in g  
temperature determination was completed in 1.5 hours. Normally Tm’s 
were d e te rm ined  on 4 t e s t  and a referen ce  E. c o l i  DMA sample in  a 
s i n g l e  day. Base c o m p o s i t io n s  were c a lc u la te d  from th e  m eltin g  
temperatures  according to  the following equations (Owen & H i l l ,  1979):
Uncorrected %GC = 2.08 Tm -  106.4
Corrected %GC = 50.9 2.08 Tm t e s t  -  Tm c o l i  standard.
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6. Examination of s t r a in s  by agarose gel e lec t rophores is  for  plasmids
The a g a ro se  g e l  e l e c t r o p h o r e s i s  te ch n iq u e  was used t o  examine 
s t r a i n s  f o r  the  presence of p la sm id s  (Meyers e t  1976). I n i t i a l l y  
s t r a i n s  were sc reened  on two o c c a s s io n  us ing  t h e  colony l y s a t e  
technique. S t ra ins  in which plasmids were demonstrated and 4 s t r a i n s  
which gave ambiguous r e s u l t s  w i th  th e  s i n g l e  colony l y s a t e  were 
r e te s te d  using p a r t i a l l y  purified plasmid DNA.
6.1 Prepara t ion of colony ly sa te s
T es t  s t r a i n s  were s u b c u l tu r e d  from th e  working s to c k s  onto GA 
p l a t e s  and in cu b a ted  a t  30° f o r  18 hours .  After i n c u b a t io n  3 t o  4 
colonies  were scraped o f f  the p la te  using the f l a t  end of a toothpick 
and r e s u s p e n d e d  i n  100 u l  o f  e l e c t r o p h o r e s i s  b u f f e r .  The 
e l e c t r o p h o r e s i s  b u f f e r ,  pH 8 t o  8 .2 ,  c o n t a i n e d  : 89mM T r i s  
(trishydroxymethylaminomethane) 89mM Bor ic  a c id  and 2 .5mM Nap EDTA 
(disodium ethylenediaminetetraacetate). This buffer  was prepared as a 
10 X s to c k  s o l u t i o n  (108g T r i s ;  9.3 Nap EDTA and 55g o f  Bor ic  a c id  
d i s s o l v e d  in  1 l i t r e  of  d i s t i l l e d  water) and s to r e d  a t  4°C. To th e  
buffer  c u ltu re  suspens ion  was added 25ul  o f  l y s i s  b u ffer  (50% 
g l y c e r o l ,  5% sodium dodecyl s u lp h id e  and 0.051 bromophenol b lue  in  
e l e c t r o p h o r e s i s  b u ffer ) .  L y s is  o f  the  cu ltu r e  was conducted a t  65° 
for  30 minutes.
6.2 Preparat ion of partia lly  purified plasmid DMA
The p u r i f ic a t io n  procedure o f  Guerry ^  ajL.,(1973) m o d i f ied  by 
Meyers e^  aj,., ( 1976) was employed. P u t a t i v e  plasmid c o n t a i n i n g  
strains were grown overnight in  30 mis of n u t r i e n t  broth containing 
1.5% sodium chloride and harvested by cen tr i fuga t ion .  The p e l l e t  was 
resuspended in 1.5ml of  25% (w/v) sucrose in  lOmM Tris  and IrnM EDTA, 
pH 8.0. After ad d ition  of  0.4 ml of  lysozyme (Sigma Chemical Co., 
5mg/ml in  0.25M Tris, pH 8.0) the suspension was placed in an ice  bath 
for  5 minutes. EDTA (0.8ml, 0.25M, pH 8.0) was added to  the c e l l s  and 
the  suspension c h i l l e d  in  an i c e  b a th  f o r  an a d d i t i o n a l  5 m inu tes .
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Complete c e l l u l a r  l y s i s  was accom pl ished  by th e  a d d i t i o n  of  1.2 ml 
sodium l a u r y l  s u lp h a t e  (5% w/v).  A f te r  c e l l u l a r  l y s i s  1.2ml o f  6M 
NaCl was added s lo w ly  to  th e  v isc o u s  s o lu t io n .  The l y s a t e s  were 
stored  a t  4°C overnight,  after which they were centr ifuged a t  17,000 x 
g f o r  30 m inu tes  a t  4°C. The supernatent ( c l e a r e d  l y s a t e )  was 
removed, i t s  volume doubled with d is t i l l e d  water ,  20ug of ribonuclease 
per ml (bovine pancreas, type 1 A, Sigma Chemical Co., 1 mg/ml in 50mM 
sodium ace ta te ,  pH 5.0, heated fo r  10 minutes at 80°C) was added, and 
the lysate  was incubated at 37°C fo r  1 hour. After r ibonucle ic  acid 
d i g e s t i o n ,  1 volume of  T r i s  (50mM) s a t u r a t e d  phenol was added. The 
tube was inverted gently  several t imes and then centrifuged at 12,100 
X g f o r  30 m in u te s  a t  20°C to  o b t a in  a c le a r  aqueous phase. In some 
instances repeated phenol ex t rac t ions  were necessary.
The clear aqueous phase was brought to  0.3M sodium acetate ( f in a l  
concentration), twice the volume of cold (-20°C) 95% ethanol was added 
to  precipitate the DMA and the samples were stored at -20°C overnight. 
The p rec ip i ta te d  DMA was recovered by cen t r i fuga t ion  in an Eppendorf 
centr ifuge.  The ethanol was thoroughly drained from the tube and the 
DMA was suspended in  lOOul of  TES buffer  (50mM Ma Cl, 5mM EDTA, 30mM 
Tris ,  pH 8.0). The DMA sample was analysed immediately by agarose gel 
e lec t rophores is .
6.3 Agarose g e l  e l e c t r o p h o r e s i s  o f  c u l t u r e  l y s a t e s  and p a r t i a l l y  
p u r i f ied  plasmid DMA
E lectro p h o res is  was performed in  v e r t i c a l  s l a b  g e l s  (20 x 20 x 
0.14cm). The base of the  s l a b  was sea led  w ith  an a c ry la m id e  p lug  as  
f o l l o w s :  A s to c k  s o lu t io n  o f  Cyanogum 41 (10% w/v) was prepared in
elec t rophores is  buffer  and f i l te r e d  before use. Polymerisation of the 
acrylamide (lOmls) was ca ta ly sed  by th e  ad d it ion  o f  50ul  of  f r e s h  
ammonium persulphate (200 mg/ml) and 20 ul of TE MED immediately before 
pouring.  When th e  plug was s e t  (about  30 m inu tes )  th e  main g e l  was 
prepared by adding 1g of agarose to  100ml of electrophoresis buffer.  
The ag a ro se  was d i s s o lv e d  in  th e  b uffer  by b o i l i n g  for  15 minutes. 
Once dissolved the agarose was cooled to  60-65°C poured, crowned with 
a sample template and the gel allowed to  s e t  (about 1 hour) before the
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template was ca re fu l ly  removed.
Culture ly sa tes  were loaded in to  the sample wells ,  underneath the 
buffer ,  using drawn out Pasteur p ipe t tes .  P a r t i a l l y  p u r i f ied  plasmid 
DNA was mixed w i th  20 u l  of  l y s i n g  bu ffer  and s i m i l a r l y  loaded i n t o  
the sample wel ls.  Electrophoresis  was at a constant  voltage of  120v 
f o r  2.5 to  4 hours. The d u r a t io n  of  e l e c t r o p h o r e s i s  was de te rm in ed  
e m p i r i c a l l y  by th e  t im e  taken f o r  the  bromophenol b lue  t o  e n t e r  the  
acrylamide plug.
Gels were soaked fo r  30 minutes in a so lu t ion  of ethidium bromide 
(0.5 ug /m l ,  in  w a te r ) .  A fter washing the  g e l  in d i s t i l l e d  water DNA 
bands w e re  d e t e c t e d  by u l t r a v i o l e t  i l l u m i n a t i o n  (Model C-61 
t r a n s i l lum inato r ;  UV products) and photographed with a Polaroid camera 
using type 55 pos i t ive /nega t ive  f i lm  and a Kodak Wratten no 23A f i l t e r  
(exposure time 2 minutes).
6.4 Conjugation experiments
Three V ibrio  i s o l a t e s  ( s t r a in  71 , 154 and 361) were sc reened  f o r  
th e i r  a b i l i t y  to  t r a n s f e r  a n tib io tic  resistance by mixed c u l t iv a t io n  
w i th  an E. c o l i  r e c i p i e n t  s tr a in ,  which was a u x o t ro p h ic  f o r  p r o l i n e  
and m e th io n in e  and chromosomally r e s i s t a n t  to  n a l id ix ic  acid  (Mx). 
Donors and r e c ip ie n t  strains were grown in axenic cu l tu re  in nutrient 
b r o th  f o r  4 t o  5 hours. Equal volumes of  the  donor and r e c i p i e n t  
cu l tu re s  (0.5ml of approximately 5 x 10  ^ bacteria (ml) were added to  
n u t r i e n t  b r o th  (lOmls)  and incubated s t a t i c a l l y  a t  37°C. A f te r  
incubation the mating and axenic cultures (donor and r e c ip ie n t  s t r a i n s  
sep a ra te ly  cu ltured) were s e r i a l l y  d i l u t e d  and 0.1 ml volumes were 
spread plated  onto nutrient agar containing 25ug/ml Nx and 15 ug/ml of 
the t e s t  a n t ib io t i c .  The incorpora tion of Nx in to  the media in h ib i ted  
the growth of the donor cu l tu res  w h i l s t  the t e s t  a n t i b i o t i c  in h ib i ted  
the  growth of  r e c i p i e n t  s t r a i n s  : th u s  only  transconjugants were 
expected to  grow.
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7. Survival s tud ies  on Vj_ cholerae
7.1 The f a t e  of V&. cholerae in Ringer’s solution
Four Vibrio s t r a in s  represent ing pathogenic and aquatic  v a r i e t i e s  
of V. c h o le r a e  were s e l e c t e d .  S t r a i n  569B a c l a s s i c a l  t o x i g e n i c  01 
cholera strain and strain 4 a toxigenic  non 01 MOV were both iso lated  
from d iarrhoeal p a t ie n ts .  In c o n tra st  s tr a in  5962 an El Tor 
n o n to x ig e n ic  01 cholera s tr a in  and s t r a i n  RRD a non 01 nontoxigen ic  
MOV were both iso lated  from brackish water.
Tes t  s tr a in s ,  obtained from p u r i t y  p l a t e s ,  were in ocu la ted  in to  
n u tr ien t  broth and incubated a t  30°C f o r  5 hours .  A f te r  in c u b a t io n  
cu ltu r e s  were cen tr ifu g ed , washed tw ic e  in  1/4 s t r e n g t h  Ringer’s 
so lu t ion  and resuspended to  a f in a l  density  of 5 x 10® organisms per 
ml. Volumes (lOrals) of  t e s t  s tr a in s  were in ocu la ted  in to  separate  
b o t t l e s  c o n ta in in g  1 l i t r e  of  1 /4 s t r e n g t h  Ringer’s so lu t io n .  
Inoculated b o t t l e s  were inverted ten times t o  ensure thorough mixing 
and a ze ro  hour sample taken.  Each b o t t l e  was incubated a t  25°C in  
the  dark  and sampled a f t e r  6 hours and 1, 1.5, 2,  2.5, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, 21 and 28 days.
Prior  to sampling each bottle  was inverted ten times. Each sample 
(1ml) was se r ia lly  diluted tenfold  in 1/4 strength Ringers so lu t ion.  
D u p l i c a te  volumes (0.1 ml) of  a p p r o p r i a t e  d i lu t io n s  were spread 
plated  onto n u t r i e n t  agar  and incubated a t  30°C f o r  18 hours. After  
incubation plates with between 30 and 300 colonies were counted and 
the c e l l  density  per u n i t  volume calculated. Subsequent samples from 
b o t t l e s  shown t o  contain  l e s s  than  30 organisms per  ml, were 
enumerated by a membrane f i l t r a t i o n  procedure. Normally either 10 or 
20 mis o f  sample was f i l t e r e d  th rough a m i l l i p o r e  membrane. After  
f i l t r a t i o n  th e  membrane was p laced  on the  surface  of  n u t r i e n t  agar  
which was then incubated a t  30°C for  18 hours. After incubation the 
number of colonies growing on the membrane were counted.
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7.2 Competition experiments in  the chemostat
I n i t i a l  e x p e r im en ts  in  c lo se d  c u l t u r e  sys tem s  showed t h a t  th e  
simple s a l t s  medium of F inke ls te in  (1955) was a su i ta b le  growth medium 
for  the 4 s t r a in s .  The growth l im i t in g  concentrat ion of glucose was 
de te rm ine d  in  c losed  c u l t u r e  systems us ing  the  F i n k e l s t e i n  b a s a l  
medium modified by doubling a l l  nutrient concentrations apa r t  from the 
carbon source .  Thus t h e  m od if ied  F i n k e l s t e i n  medium co n ta in ed  the  
f o l l o w in g  compounds (Analar  grade;  g 1“* )^: NH^Cl 0.4; Na2 HPOa, 10.0; 
K2HPO1}; 10.0; Na2S0z|, 0.04; MgCl2 * 0.01; Mn CI2 ; 0.01; FeClg, 0.001. 
The i n g r e d i e n t s  were d isso lv e d  in  1L of  d e io n i s e d  w a te r ,  th e  pH 
adjusted to  7 with 0.1 M MaOH and the medium autoclaved a t  121°C fo r  15 
minutes. Various q u a n t i t i e s  of s t e r i l e  glucose were added to  separate 
Erlenmyer f l a s k s  (250ml) c o n ta in in g  50mis of  s t e r i l e  b a s a l  media. 
Test strains were inoculated in to  these f la sks ,  incubated a t  25°C and 
shaken vigorq(sly. Per iodic samples were withdrawn and the remaining 
g lu co se  c o n c e n t r a t i o n  de te rm in e d  u s in g  ’C l i n i s t i x ’. Once a l l  the  
g lu c o se  has been u t i l i s e d  growth was measured by d e t e r m in in g  the  
absorbance (A^20^ s colorimeter .  A p lo t  of absorbance ( f in a l  c e l l  
d e n s i ty )  a g a i n s t  i n i t i a l  g lu cose  con cen tration  was drawn and th e  
g lucose  c o n c e n t r a t i o n  which gave h a l f  maximal absorbance  ( i . e .  c e l l  
density) was determined. Subsequently a glucose leve l  of  Irag ml"“  ^ was 
used in  th e  con t inuous  f low chem os ta t .  The s p e c i f i c  growth  r a t e  of  
th e  4 t e s t  s t r a i n s  in  th e  m od if ied  F i n k e l s t e i n  medium c o n t a i n i n g  a 
g lu co se  concentration  of  Irag ml~^ was d e te rm in e d  in  c lo se d  cu ltu r e  
systems grown at 25°C and shaken vigorously.
7.3 Description of the chemostat
The apparatus used in the mixed cu l tu re  experiments was a Type 4-1L 
m u l t i s t a t io n  batch fermentation unit manufactured by L.H. Engineering 
Company, Ltd. The con t inuous  flow c u l t u r e  v e s s e l s  had a working 
volume of  700ml and were ag i ta ted  a t  500 rev min with a i r  supplied 
a t  0.5 1 min” "^ ; t h e  growth temperature was 25°C. The experim ental  
layout  of the m u l t i s t a t io n  chemostats, peripheral overflows and media 
vessel  i s  shown in Fig 7.
FIG 7 Experimental layout  o f  the m u l t i s t a t io n  chemostats
*
and peripheral  overf lows
KEY C = chemostat  
s = sampling port  
0 = overflow r e s e r v o ir s
* This experimental layout f u l f i l l e d  the s t r in g e n t  s a f e t y  r e g u la t io n s  
o f  the Department and was designed by Miss C. Skidmore,
Department o f  Microbiology,  U n ivers i ty  o f  Surrey.
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7.4 F i r s t  chemostat run
In th e  f i r s t  c h em o s ta t  run t e s t  s t r a i n s  were i n o c u l a t e d  i n t o  
established steady state  populations. Steady s ta t e  p opu lations of  
s tr a in  4 and 569B were obtained by i n o c u l a t i n g  c h e m o s ta t s  with  
separate  lOmls volumes of  o v e rn ig h t  c u ltu re s  grown in  m o d if ied  
F inke ls te in  medium. Fresh medium was added to  the chemostat at a r a t e  
o f  50ml h r “ ”*. Samples (lOmls) were withdrawn from th e  ch em o s ta t ,  
a p p r o p r i a t e  d i lu t io n s  made in  1/4 s t r e n g t h  Ringer's s o l u t i o n  and 
duplicate 0.1ml samples were plated onto sucrose nutrient agar. The 
sucrose n u tr ien t  agar  c o n ta in ed  (gml"*^): n u tr ie n t  agar, 28; sodium 
c h lo r id e ,  5; sucrose , 20 bromothymol blue, 0.04; thymol b lu e ,  0.04; 
t h e  pH of  th e  medium was a d j u s t e d  to  8.5 w ith 0.1 M MaOH. Inoculated  
c u ltu r e s  were allow ed t o  e q u i l i b r a t e  in  the  chem ostat f o r  4 days 
before being challenged  w ith  a competing organism. Challenge  
organisms were overnight cultures grown in the modified Finkelstein  
medium. The c e l l  density of the challenge organisms was adjusted to
5.0 X 10  ^ organisms ml~  ^ in fresh medium, and reincubated fo r  2 hours 
before 10ml volumes were inoculated in to  the chemostat containing a 
steady s t a t e  Vibrio population. Before the challenge organisms were 
inoculated in to  the chemostat the f resh  medium flow was hal ted  and not 
r e i n i t i a t e d  u n t i l  2 hours post  inoculation.  Samples were withdrawn 2 
hours post  inoculation and daily thereafter for  11 days. Cell numbers 
were enumerated by p la t ing  appropriate d ilu tions onto sucrose nutrient 
agar  and a f te r  incubation  t h e  number of sucrose ferm enters (ye l low 
colonies) and non fermenters  (green colonies) were counted.
7.5 Second chemostat run
In t h e  second ch e m o s ta t  run t e s t  s t r a i n s  were s im u ltan eou sly  
inoculated into the chemostat. Separate overnight cu l tu re s  grown in 
m od if ied  F in k e ls te in  media were s im u ltan eou sly  in ocu la ted  i n t o  a 
g lu cose  l im i t e d  chemostat t o  g iv e  approximately equal  p o p u la t i o n  
densities . After a 2 hour period of closed cu l tu re  growth the f resh  
medium flow  was i n i t i a t e d  to  g ive  a d i l u t i o n  ra te  o f  0.05 hr^. 
Samples were taken dai ly  for  viable Vibrio determination by p la t ing  on 
sucrose nutrient agar. Viable counts were determined after 24 hours 
a t  37°C.
R É S U L  T S
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1. RESULTS
1.1 Results of b io log ica l  a c t i v i t y  te s t ing .
1.1.1. Biological  a c t i v i t y  among non 01 IL cholerae
The o v e r a l l  frequency of  s p e c i f i c  b i o l o g i c a l  a c t i v i t y  among V. 
cholerae non 01 i s  summarised in Table 7. When 5 x 10  ^ v ibrios  were 
injected intraluminally in in fa n t  rabbits 94 i s o l a t e s  (67%) of non 01 
V. cholerae produced overt diarrhoea and c o nsequen t ly  d ea th  of  the  
r a b b i t .  At autopsy f l u i d  accu m u la t io n  throughout the i n t e s t i n e  was 
ev id e n t .  A t y p i c a l  p o s i t i v e  and n e g a t iv e  response in  th e  i n f a n t  
rab b it  model i s  i l l u s t r a t e d  in  Fig 8. Forty s ix  non 01 V. cholerae  
i s o l a t e s  fa iled  to  e l i c i t  a diarrhoeagenic response in infant rabbits  
even a f te r  3 passages. All  s tr a in s ,  inc lud ing  s tr a in s  n eg a tiv e  f o r  
the diarrhoeal response, were recovered at autopsy from the in tes t in e  
su ggestin g  s u c c e s s fu l  c o lo n isa t io n .  A s l i g h t l y  greater  percentage  
(73%; 102 strains) of strains e l ic i te d  f lu id  accumulation in ligated  
i l e a l  loops  i n o c u l a t e d  w ith  5 x 10^ v ib r io s  w ith in  12 hours. 
Seventeen per cent of iso la te s  produced e x t r a c e l lu l a r  m a te r ia l  tha t :  
possessed entero toxic  a c t i v i t y  in i l e a l  loops; induced morphological 
changes in  Chinese hamster ovary (CHO) and Y1 adrenal c e l l  t i s s u e  
cu ltu r e s  and produced a sk in  p erm ea b ility  fa c to r  evidenced  by a 
blueing response in shaved rabbit backs. Typical responses  obtained 
w ith  th e  l ig a te d  i l e a l  loop  as say  u s in g  c u ltu re  f i l t r a t e s  a r e  
i l lu stra ted  in Fig 9. Twelve strains e l i c i t e d  a haemorrhagic l e s ion  
in the rabbit skin assay when s t e r i le  culture f i l t r a t e s  both a t  a neat 
and 1:5 d i lu t io n  were used. All  140 s tr a in s  k i l l e d  mice w ith in  72 
hours when i n j e c t e d  in tr a p e r ito n e a l ly  but only 42 culture f i l t r a t e s  
were s im ilarly  le tha l. Two s t r a i n  produced an e x t r a c e l lu la r  f a c t o r  
which gave a p os i t ive  infant mouse t e s t  a f t e r  4 hours incubation. All 
s tr a in s  f a i l e d  to  g iv e  a p o s i t i v e  Sereny t e s t  r e a c t i o n  and were 
the re fo re  considered to  be noninvasive.
1.1.1.1. Pat tern  of b io log ica l  a c t i v i t y  among non OljA cholerae
To f a c i l i t a t e  a n a ly s is  of  th e 'd a ta  th e  observed  spec t rum  of
U*5
TABLE 7 Frequency of  s p e c i f i c  a c t i v i t y  in  non 0 Group I V .  c h o l e r a e
ASSAY OBSERVED ACTIVITY NO; + % f
I n f a n t  r a b b i t F l u i d  accumul a t i on  a t a u t o p s y ,  
d i a r r h o e a  and dea t h
94 : 67.1
Rabb i t  i l e a l  loop: F l u i d  accumul a t i on  a t  12 hours
whole c u l t u r e 102 72.9
c u l t u r e  f i l t r a t e 25 17.9
Rabb i t  s k i n  t e s t Blueing 23 16.4
Rabbi t  s k i n  t e s t Haemorrhagic l e s i o n 12 8 . 6
CHO and Y-1 adrena l  
t i s s u e  c u l t u r e  model
Morphological  changes 23 16.4
Adul t  mouse v i r u l e n c e  
( i p 2 ;  WholecUl ture)
L e t h a l i t y 140 100
Adul t  mouse v i r u l e n c e  
( IP^;  c u l t u r e  f i l t r a t e ]
L e t h a l i t y
1 .
42 30
s u c k l i n g  mouse F lu i d  accumul a t i on  a t  4 hours 2 1.4
Sereny t e s t  
(whole c u l t u r e s )
K e r a t o c o n j u n c t i v i t i s 0 0
Total  number . t e s t e d  was 140
In t rape r i tonea l  inject iOn (IP)
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FIG 9 Typical  l i g a t e d  i l e a l  loop r es pons es
B
All loops have been exc i sed  a t  au t opsy .
KEY: A = n e g a t i v e  i l e a l  loop r e s pons e .
B = p o s i t i v e  loop - no t e  deep red c o l o u r a t i o n  
C = p o s i t i v e  loop t y p i c a l  o f  cho l e r a - 1  i ke  
D = p o s i t i v e  loop which i s  g r o s s l y  d i s t e n d e d  
E = s t r o n g l y  p o s i t i v e  loop which i s  g r o s s l y  d i s t e n d e d
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bio log ica l a c t iv ity  was grouped into four basic patterns of a ct iv ity .  
I s o l a t e s  were c h a r a c t e r i s e d  as  being a b le  t o  produce : a c h o le r a  or 
CT-l ike  tox in ; a h e a t  s ta b le  or S T -lik e  toxin; e n t e r i t i s  w ithout  
e ith e r  t o x in  be ing  d e t e c t e d  or p o ssess in g  no a c t i v i t y  in  the 
b i o l o g i c a l  assays. I s o l a t e s  were considered to  produce a CT-like  
to x in  i f  they :  e l i c i t e d  a p o s i t i v e  i n f a n t  ra b b it  response; evoked 
f l u i d  accumulation in  th e  l i g a t e d  i l e a l  loop  when challenged  w i th  
whole cultures and culture f i l t r a t e s ;  and i f  cu l tu re  f i l t r a t e s  induced 
m orphological changes in th e  t i s s u e  cu ltu re  a s sa y s  and e l i c i t e d  a 
b lu e in g  response in  ra b b its .  I s o l a t e s  were assigned  t o  the  S T - l ik e  
category i f  s t e r i l e  culture f i l t r a t e s  evoked a p os i t ive  suckling mouse 
response w ith in  4 hours. The e n t e r i t i s  c a t eg o ry  was reserved  f o r  
i s o l a t e s  which gave a p o s i t i v e  i n f a n t  r a b b i t  or i l e a l  loop  response  
when challenged  w i th  whole c u ltu r e s  b u t  which f a i l e d  t o  e l i c i t  
e n te r o to x ic  r e sp o n se s  w i th  s t e r i l e  c u ltu re  f i l t r a t e s .  The f i n a l  
category was r e s e r v e d  f o r  i s o l a t e s  which lacked demonstrable  
enteropathogenic or enterotoxic potential.
Out of  140 nonOI V. c h o le r a e  23 (16,4%) produced e x t r a c e l lu la r  
m ater ia l  with CT-like a c t i v i t y  (Table 8). Twenty of the 23 iso la te s  
were c o n s is t e n t ly  p o s i t i v e  in  the  a s s a y s  l i s t e d ,  i n c lu d in g  both  CHO 
and Y1 adrenal t i s su e  cultures. Two strains, which differed from the  
o th e r  21 in  t h i s  c la s s ,  f a i l e d  t o  e l i c i t  a b lu e in g  r e sp o n se  in  the  
rabbit skin assay. In addition one of these two strains also fa iled  
t o  e l i c i t  a diarrhoeal r e sp o n se  in  th e  i n f a n t  r a b b its .  These minor 
differences were considered in sign if ican t to warrant t h e i r  exclusion  
from the CT-like toxin group.
Two s tr a in s  (1.4%) produced a S T - l ik e  en tero to x in . These two 
strains were incapable of causing diarrhoea in  in fa n t  rabbits but both 
c e l l s  and f i l t r a t e s  e l i c i t e d  p o s i t i v e  i l e a l  loop  responses. The 
kinetics  of the i l e a l  loop response was sim ilar to th a t  of  c o l i  ST 
in i t s  rapidity. A comparison between the properties of the CT-like 
and ST-like toxin i s  presented l a t e r .
N i n e t y  i s o l a t e s  (64,3%) which demonstrated en te r o p a t h o g e n i c  
a c t i v i t y  when v i a b l e  c e l l s  were used to  c h a l l e n g e  t e s t  a n im a ls  bu t
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elaborated  no demonstrable e x t r a c e l lu la r  en terotoxin  were assigned to  
the e n t e r i t i s  category. I s o la t e s  (90) c l a s s i f i e d  within the e n te r it is  
c la s s  were a r b i t r a r i l y  fu r th e r  subdivided into f ive  subgroups (Table 
9). F i f t y  two i s o l a t e s  (57.8%) a s s ig n e d  to  subgroup 1 produced 
diarrhoea and death in the infant r a b b i t  and f lu id  accumulation in the 
l ig a te d  i l e a l  loop. Subgroup 2 i s o l a t e s  sim ilarly  produced pos i t ive  
in fa n t  r a b b i t  and i l e a l  loop  responses us ing  whole c u l t u r e s  but  in  
a d d i t io n  c u l t u r e  f i l t r a t e s  from 7 s t r a i n s  (7.8%) p r o d u c e d  a 
haemorrhagic l e s i o n  in  t h e  shaved back of  r a b b i t s .  I s o la t e s  (18) 
w ith in  subgroup 111 were i l e a l  loop p o s i t iv e  bu t  f a i l e d  t o  cause 
d i s e a s e  in  i n f a n t  ra b b its .  I n t e r e s t in g ly  the  m ajority  of  i s o l a t e s  
(12) in  t h i s  subgroup were from environmental sources (X^ = 7.89; 
P>0.01). In c o n t r a s t  i s o l a t e s  in  subgroup IV were a c t iv e  in  th e  
infant r a b b i t  but not  in the i l e a l  loop. I s o l a t e s  in subgroup V were 
i n f a n t  r a b b i t  p o s i t i v e  bu t  i l e a l  loop  n e g a t iv e  and produced a 
haemorrhagic l e s i o n  in  th e  shaved back of  r a b b i t s  : a l l  i s o l a t e s  in  
t h i s  subgroup were from c l in ic a l  sources. F iltra te  material from a 
r e p r e s e n t a t i v e  number of  each subgroup was c o n c e n t r a t e d  50 f o ld  by 
ammonium sulphate p r e c ip i ta t io n .  When t e s t e d  in  Y1 adrenal c e l l s  
these  c u l t u r e  c o n c e n t r a t e s  were e ith e r  c y t o t o x i c  or n e g a t iv e  : a l l  
con cen trates  were however n eg a tiv e  when te s te d  by a GM1 ELISA 
tec h n iq u e  (Sack e ^ ^ i . ,  1980) s p e c i f i c  f o r  cholera t o x in .  Thus l a c k  
of entero toxic  a c t i v i t y  among iso la te s  was probably not due to  adverse 
c u ltu r a l  co n d it io n s  or  i n s e n s i t i v i t y  o f  t h e  t e s t  a s s a y .  The 
s e n s i t i v i t y  of th e  ELISA assay  to  c h o le r a  to x in  d e te c t io n  was 
1 nanogram. This  l e v e l  of  s e n s i t i v i t y  and t h e  50 f o l d  f i l t r a t e  
concentration step would have detected approximately 0.5pg of cholera 
toxin, i f  presence.
Fina l ly  25 i s o la t e s  (17.9%) were completely inactive in the  assay 
ind ica t ing  no entero toxic  or enteropathogenic potential. The majority 
(84%) o f  th e s e  25 i s o l a t e s  were obtained from environmental sources 
(Table 12).
The haemorrhagic l e s i o n  observed in  t h e  r a b b i t  skin  t e s t  was 
unrelated t o  th e  p a t t e r n s  of  b i o l o g i c a l  a c t i v i t y  described  or to  
s p e c i f i c  a c t i v i t i e s  p r e s e n te d  e a r l i e r .  The frequency with which
51
TABLE 9 Type o f  e n t e r i t i s  r es pons e  observed in  non G group 1 V. c h o l e r a e
E n t e r i t i s  
• subgroup
Number in 
subgroup
P e r ce n t  of  
t o t a l ( l )
I n f a n t  
r a b b i t  (2)
i l e a l  , loop . 
(whole c u l t u r e )
Rabb i t  s k i n
haemorrhagic
l e s i o n
I 57.7 4" ^  + -
I I 7 7 .8 + 4
I I I 18 20.0 ■ - 4 -
IV 8 8 .9 + - -
V 5 5.6 4- - 4
(1) Tota l  number o f  non 0 Group 1 V. c h o l e r a e  el  i c i  t i n g  an e n t e r i t i s  
r e a c t i o n  was 90
(2) A p o s i t i v e  r e a c t i o n  was ev idenced by d i a r r h o e a  and f l u i d  
a c c u mu l a t i o n  a t  au t opsy
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haem orrhag ic  a c t i v i t y  occu rs  w i th  c e r t a i n  other b i o a c t i v i t i e s  i s  
l i s t e d  in Table 10. Out of the 94 i s o l a t e s  which produced a pos i t ive  
in fan t  r ab b i t  response cu l tu re  f i l t r a t e s  of only 12 s t r a i n s  produced a 
h aem orrhag ic  l e s i o n .  S i m i l a r l y , o f  102 s t r a i n s  which produced a 
p o s i t i v e  i l e a l  loop  when whole c u l t u r e s  were used only 7 s t r a i n s  
produced the haemorrhagic les ion .  However 5 additional s t r a i n s  which 
produced the haemorrhagic lesion  fa iled  to  e l i c i t  f lu id  accumulation 
in i l e a l  loops inoculated with whole cultures. In addi t ion  these 12 
strains which produced the haemorrhagic les ion  fa iled  to  e l i c i t  f lu id  
accumulation in i l e a l  loops inoculated with cu l tu re  f i l t r a t e s .
A s im i la r  s i t u a t io n  i s  observed in  comparisons made between 
extracellu lar mouse l e t h a l  factor and other b io a c t iv it ie s  (Table 11). 
Out of  94 i s o l a t e s  which produced a p o s i t i v e  in fa n t  rab b it  response  
cu ltu re  f i l t r a t e s  from only  29 s t r a i n s  produced the  e x t r a c e l lu la r  
mouse l e t h a l  f a c t o r  w h i ls t  13 s tr a in s ,  which f a i l e d  t o  induce t h e  
in fa n t  rabbit response, produced an extracellu lar mouse le th a l factor. 
Over lapping  between th e  a c t i v i t y  of  th e  mouse l e t h a l  to x in  and th e  
a b i l i t y  to  induce an i l e a l  loop response using both whole cultures and 
c u l t u r e  f i l t r a t e s  was n o t  noted.  Only 6 of  th e  42 s tr a in s  which 
produced a mouse l e t h a l  fa c to r  a l s o  produced a haem orrhag ic  l e s i o n .  
Thus th e  mouse l e t h a l  fa c to r  was no t  a s s o c i a t e d  w i th  the  a b i l i t y  of  
strains to  produce a haemorrhagic le s ion  in rabbits.
The b io log ica l  a c t i v i t y  of non 0 Group 1 cholerae iso lated  from 
d if f e r e n t  sources i s  given  in  Table 12. All  s tr a in s  rece iv ed  from 
c u l t u r e  c o l l e c t io n s  and other workers  were d e s ig n a te d  as "stock" 
iso la tes .  Strains iso lated  by the author were designated as "fresh" 
iso la te s .  The percentage of i s o l a t e s  producing an e n te r i t is  response 
i s  s lig h t ly  grea te r  in the fresh c l i n i c a l  and stock human associated  
group than  th e  f r e s h  and s to c k  environmental group (X^ = 2.94; P> 
0.1).  The s ig n i f ic a n c e  of  enter opa thogenic p o t e n t i a l  in  th e  human 
associated c la ss  i s  greater i f  the data on the CT-like toxin a c t iv ity  
i s  c o n s id e red  (X^ 7.79; P>0.01). Twenty human a sso c ia te d  i s o l a t e s  
(24.3%) produced CT-like tox in  whereas only three  (5%) environmental 
i s o l a t e s  expressed the  same a b i l i t y .  In th e  human a s s o c i a t e d  c la s s  
s to c k  c u l t u r e s  more f r e q u e n t l y  produced CT-l ike  t o x in  than fresh
S3
TABLE 10 R e l a t i o n s h i p  between haemorrhagic  a c t i v i t y  and t h e  o t h e r  
b i o l o g i c a l  a c t i v i t i e s
Haemorrhagic lesion'* VERSUS
No. wi th  p a t t e r n  
+ +  + - -+
I n f a n t  r a b b i t  (94) 12 82
Loop -  c e l l s  (102) 95
Loop - f i l t r a t e  (25) 12 25
1 As observed in  t he  r a b b i t  s k i n  a s s ay
2 Numbers in  b r a c k e t s  r e f e r  to  t o t a l  number p o s i t i v e  in  t h e  a s s a y  
o u t  o f  the  140 non 0 Group T V .  c h o l e r a e  s t r a i n s  examined
154-
TABLE 11 R e l a t i o n s h i p  between t h e  mouse l e t h a l  f a c t o r  and t he  o t h e r  
b i o l o g i c a l  a c t i v i t i e s
No. wi th  p a t t e r n
+ 4 . - 4
Mouse 1e t h a l i  ty .  ( F i l t r a t e )  VERSUS
I n f a n t  r a b b i t  (94)
Loop - cel  1s (102)
Loop - f i l t r a t e  (25)
Haemorrhagic l e s i o n  (12)
29
33
8
6.
13
9
34
36
65
29
17
6
1 Numbers in b r a c k e t s  r e f e r  t o  t o t a l  number p o s i t i v e  in t h e  a s s ay  
ou t  o f  t h e  140 non 0 Group 1 V. c h o l e r a e  s t r a i n s  examined.
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c l i n i c a l  i s o l a t e s  (X^ = 3.23; P>0.01). Comparing th e  d a ta  on f r e s h  
c l i n i c a l  and f resh  environmental i s o l a t e s  the r e l a t io n s h ip  holds t rue: 
fr e sh  c l i n i c a l  i s o l a t e s  e x p re s s  a g r e a t e r  pathogenic p o te n t ia l  than 
th e ir  e n v i ro n m e n ta l  c o u n t e r p a r t s .  Conversely  the  env ironm ent  i s  a 
r ich er  source  f o r  organ isms  d i s p l a y i n g  no a c t i v i t y  in th e  assay  
systems: only 4.9% of the human associa ted i s o l a t e s  were completely 
i n a c t i v e  whereas  36.2% of  en v i ronm en ta l  i s o l a t e s  were i n a c t i v e  (X^ 
20.66; P>0.01).).
1.1.2 Pat tern  of b io log ica l  a c t i v i t y  in various Vibrio species.
The pa t te rn  of b io log ica l  a c t i v i t y  in other Vibrio species  i s  given 
in  Table  13. Only 25 s t r a i n s  (17.9%) of  non 01 V^ . c h o le r a e  were 
completely without b io log ica l  a c t i v i t y  in the models tes ted :  a g rea te r  
p r o p o r t i o n  be ing  i s o l a t e d  from th e  a q u a t i c  environment (36.2%) than  
th e  human h o s t  (4.9%; X^ = 20.65,P>0.01 ). Twenty t h r e e  i s o l a t e s  
(16.4%) produced d e t e c t a b l e  CT-like t o x in  and 90 i s o l a t e s  produced 
e n te r i t i s  in rabb i ts .  In con t ras t  none of the other species  produced 
e x t r a c e l lu l a r  m ater ia l  which possessed a s im i la r  a c t i v i t y  to CT-like 
t o x in .  Twenty f i v e  V. p a ra h a e m o lv t i c u s  i s o l a t e s  (83.3%) produced 
e n t e r i t i s  in  ra b b its  but  none produced e x t r a c e l lu l a r  m a te r ia l  which 
e l i c i t e d  f lu id  accumulation in the i l e a l  loop or morphological changes 
in  t issue  cultures nor blueing in rabbit skins. S im ila r ly  only 42% of 
A. hvdroDhila  produced e n t e r i t i s  and none produced e x t r a c e l lu la r  
mater ia l  with entero toxic  a c t i v i t y .  Of the six  f lu v ia l i s  stra ins  
stud ied  3 produced an e n t e r i t i s  response w h i l s t  3 s tr a in s  were 
i n a c t i v e  in  t h e  model sys tem s:  a l l  V. f l u v i a l i s  s t r a i n s  f a i l e d  t o  
demonstrate extracellu lar enterotoxic a c t iv ity .
1.1.3 Mean ligated  i l e a l  loop responses of Vibrio species
The mean l ig a te d  i l e a l  loop response of the Vibrio groups studied 
i s  given in Table 14. All i l e a l  loop assays were of 12 hours duration. 
The nonOI V. c h o le r a e  s t r a i n s  a re  separated on the  b a s i s  of  th e ir  
b io a c t iv i ty  pat tern .  When whole cultures were used to  challenge loops 
t h e r e  was a s ig n i f i c a n t  d i f f e r e n c e  in  th e  re sp o n se  between s tr a in s  
which produced an e n te r it is  reac t ion  and stra ins  which produced a CT-
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TABLE 14 The mean l i g a t e d  i l e a l  loop response o f  various Vibrio s t r a in s
Taxonomic group Ligated i l e a l  loop response
Number Mean s . d . S.E.M. Inference
V. chole rae  non 0 group 1: 
CT group whole cu l tu re 23 0.68 0.16 0 .04 +
CT group cu l tu re  f i l t r a t e 23 0.74 0.23 0 .05 +
E n t e r i t i s 77 0.55 0.16 0 .0 2 +
Inact ive 38 0 .05 0 .02 0.01 -
V. parahaemolyticus  
Enteric  group 25 0.57 0.17 0 .0 5 +
In ac t ive  group 5 0 .05 0 .04 0 .0 2 -
A. hydrophila  
E n t e r i t i s  group 12 0.56 0.19 0.11 +
In a c t iv e  group 16 0.04  , 0.01 0.01 -
V. f l u v i a l i s  
E n t e r i t i s  group 3 0.61 0 .3 0.21 +
In act ive  group 3 0 .00 0 .0 0 .00
Loop responses are expressed as a r a t io  o f  the volume o f  accumulated f l u i d  
per length  o f  i n t e s t i n e  (cm ml”^)
Standard d ev ia t io n  ( s . d . )
Standard error o f  the  mean (S.E.M.)
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l ik e  toxin (X  ^ = 3.13; P > 0.01). This d if fe rence  was more pronounced 
when the whole c e l l  challenge of the e n t e r i t i s  group and the culture 
f i l t r a t e  challenge of the CT-like group were compared (X  ^ = 4.19; P > 
0.001). However there  was no s ig n i f i c a n t  d i f fe rence  in the mean i l e a l  
loop responses when challenged by whole cultures of the other  groups 
studied .
Thus in the l ig a te d  i l e a l  loop model strains which elabora te  a CT- 
l i k e  to x in  e l i c i t e d  a g reater  o u tp o u r in g  of  f lu id  i n t o  the  gu t  than 
s tr a in s  which l acked  e n t e r o t o x i c  a c t i v i t y .  There was however no 
demonstrable difference in the f lu id  accumulation r a t io s  between the 
v a r i o u s  V ib r io  s p e c i e s  and aeromonad s tr a in s  which produce an 
e n te r i t i s  reaction. For a l l  species there  was a c lea r  difference in 
th e  loop r a t io s  between n e g a t iv e  and p o s i t i v e  s tr a in s .  There was 
r a r e l y  more than 0.5 -  1 ml of  f l u i d  in  loops  considered n e g a t iv e  
(0.05 -  0.10 ml cm” *). In co n tra st  p o s i t i v e  loop  r a t io s  ranged from 
0.55 -  0.70 ml cm-1.
1.1.4. R ela tionsh ip  of  b i o l o g i c a l  a c t i v i t y  r e s u l t s  t o  c l i n i c a l  
disease.
To r e l a t e  th e  r e s u l t s  of  l a b o r a t o r y  models to  human p a th o g en ic  
p o ten t ia l  a comparison between the c l i n i c a l  observation of in fec t ion  
w i th  non 01 V. cholerae and t h e  b ioassay  r e s u l t s  f o r  th e  homologous 
i s o l a t e  from the  p a t i e n t  invo lved  was made. Case h i s t o r i e s  of  
p a t ie n t s  w ith  mixed m icrob ia l in f e c t io n s  were excluded from t h i s  
a n a ly s is ;  s p e c i a l  a t t e n t i o n  was taken to  exc lude  c a ses  mixed w i th  
t o x i g e n i c  E. c o l i  and/or ro ta v iru s .  Fig 10 i s  a s c a t t e r g r a m  r e l a t i n g  
the  s e v e r i t y  of  the  d ise a se  in t h e  i n f a n t  rab b it  t o  th a t  in  the  
p a t ien t .  Both ob servation s  a r e  exp ressed  n on -p aram etr ica lly  w ith  
i n c r e a s i n g  rank assigned  to  increased  v ir u le n c e .  The rank  f o r  
c l i n i c a l  sever i ty  was based on the elevation of a patients admission 
serum sp e c if ic  gravi ty  and on the t o t a l  stool volume a f t e r  admission 
per  Kg o f  body weight .  The rank  f o r  in fa n t  rab b it  a c t i v i t y  i s  based 
on the onset t ime of over t diarrhoea, the time to  death of the animal 
and th e  volume of  f l u i d  rem ain ing  in  th e  i n t e s t in e  a t  au topsy .  The 
r e la t io n s h ip  was e v a lu a te d  us ing  th e  Spearman rank  c o r r e l a t i o n
fko
FIG 10 S c a t t e r g r am d e l a t i n g  t h e  s e v e r i t y  of  d i s e a s e  produced
by non 01 V. c h o l e r a e  in t h e  i n f a n t  r a b b i t  to  t h a t  in  t he  
p a t i e n t .
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co e f f i c i e n t  and i s  s ig n i f i c a n t  a t  P > 0.01. In Fig. 10 open c i r c l e s  
denote i s o l a t e s  which produce CT-like toxin. With one exception t h i s  
group e l i c i t e d  the most severe  symptoms in both p a t ie n ts  and t e s t  
animals.
The in fa n t  r a b b i t  model appears as a good f a c s i m i l e  of  an 
organism's apparent virulence in  the human host.  I t  i s  not surprising  
t h e r e f o r e  th a t  a s i g n i f i c a n t  d if fe r e n c e  e x i s t s  between human and 
environmental i s o l a t e s  in their a b i l i t y  to  cause disease  in the infant  
rab b it  (Table 15). However, even among c l i n i c a l  i s o l a t e s  t h e r e  i s  s 
marked d i f f e r e n c e  in  th e ir  a b i l i t y  t o  produce experim enta l and 
c l i n i c a l  infect ion .  C l in ica l  i s o la te s  which produce a CT-like toxin  
a re  no t  only more v ir u le n t  in  th e  i n f a n t  ra b b it  model but a re  
s u b s t a n t i a l l y  more s i g n i f i c a n t  as  human pathogens. The c l i n i c a l  
features of human disease  by in fe c t ion  with toxigenic and nontoxigenic 
nonOI V. cholerae i s  in d ica ted  in Table  16. P a t i e n t s  i n f e c t e d  w ith  
toxigenic i so la te s  were more dehydrated on admission as indicated  by 
weight lo ss  and admission serum sp ec i f i c  g rav i ty  and had longer and 
more profuse diarrhoea. Acute and convalescent serum co l lec ted  from a 
number of study patients was t e s ted  for  i t s  a b i l i t y  to agglutinate the 
strain iso lated  from the patient and fo r  i t s  a b i l i t y  to n eu t ra l iz e  the 
a c t i v i t y  of cholera toxin in Y-1 adrenal c e l l s .  Agglutinat ing t i t r e  
r i s e s  o f  4 fo ld  or grea ter  occu r red  in  about h a l f  o f  a l l  p a t ie n t s .  
Antitoxin t i t r e  r i s e s ,  however, occurred only in patients from whom 
toxigenic nonOI cholerae were isolated.
A sim ilar scat tergram r e la t in g  the degree of f lu id  accumulation in 
the l ig a te d  i l e a l  loop to  th a t  of c l i n i c a l  severity in the patient i s  
shown in Fig 11. In t h i s  figure increasing f lu id  ratios  are assigned 
to  increasing viru lence  in  the loop. The relationship between human 
and loop virulence i s  s t a t i s t i c a l l y  in s ig n i f ic a n t .  Thus, the degree 
of  p o s i t i v i t y  in  th e  i l e a l  loop  model does no t  correspond d ir e c t ly  
with c l i n i c a l  severity of the human disease. I f  the r e s u l t s  of the 6 
s tr a in s  (5 of them CT producers )  f a l l i n g  in  th e  r ig h t  uppermost 
portion  of  the  f i g u r e  are excluded,  a s t r i k i n g  in v erse  r e la t io n s h ip  
appears to ex is t .  Thus i s o l a t e s  from the more severely i l l  p a t i en t s  
produced a poorer  r e a c t i o n  in  th e  i l e a l  loop. The i l e a l  loop  model
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FIG n  Sc a t t e r g r a m r e l a t i n g  t he  degree  of  f l u i d  accumula t ion  
in t h e  l i g a t e d  i l e a l  loop to t h a t  of  c l i n i c a l ,  s e v e r i t y  
i n  t h e  p a t i e n t .
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t h e r e f o r e  appear  not  t o  r e l a t e  d i r e c t l y  w i th  human p a thogen ic  
p o te n t ia l .
Figure 12 i l l u s t r a t e s  the composite rank position of the nonOI V. 
cholerae  i s o l a t e s  which e l i c i t e d  a p o s i t iv e  i n f a n t  rab b it  response  
separated acco rd in g  to  i s o l a t i o n  source .  In th e  c l i n i c a l  group the  
CT-toxin p ro d u ce rs  have a h igh rank v a lu e  whereas  in  th e  human 
a sso c ia te d  group th e  CT-toxin producers have a low er  rank v a lu e .  
There i s  no s ig n i f i c a n t  difference between the mean rank value of the 
c l i n i c a l ,  human a sso c ia te d  group and th e  fresh environmental group. 
I n t e r e s t i n g l y  the  d i f f e r e n c e  in  mean rank  v a lu e  between th e  f r e s h  
c l i n i c a l  iso la te s  and the stock environmental i s  s ign if ican t  (P>0.02); 
higher rank p o s i t io n s  being  found in  the  stock  environmental group. 
This may merely r e f l e c t  a sampling b ias  in the stock group and or the 
lower number of s t r a in s  studied. Nevertheless among the environmental 
i s o l a t e s  which produce experim ental d ise a se  t h e i r  pathogenic  
potential i s  the same i f  not s l ig h t ly  grea te r  than the fresh c l in ic a l  
i s o l a t e s .  Consequently environmental i s o l a t e s  shown t o  p o s se s s  
enteropathogenic potential must be considered seriously as potential 
pathogens of man.
1.1.5. Some preliminary characteristics  of the crude enterotoxin-like  
material.
The c h a r a c t e r i s t i c s  of the two enterotoxic a c t iv i t ie s  detected in 
cu l tu re  f i l t r a t e s  from nonOI jh cholerae i s  l i s t e d  in Table 17. Crude 
CT-like t o x i n s  from 3 c l i n i c a l  i s o l a t e s  were h e a t - l a b i l e  and non- 
d ia lyzable .  They e l i c i t e d  peak f lu id  accumulation a t  12 hours in both 
i l e a l  loop and suckling mouse models. This was s im i la r  to the pa t te rn  
of f lu id  accumulation following exposure to crude culture f i l t r a t e s  of 
cholera toxin. The morphological changes observed in Y-1 adrenal and 
CHO c e l l  l i n e s  trea ted  w i th  CT-l ike  t o x i n  was p reven ted  by p rior  
neutralization with antitoxin prepared against purified cholera  toxin. 
A ntisera , r a ise d  in  ra b b its ,  a g a i n s t  the  crude CT-l ike  t o x i n  
n eu tra lize d  th e  a c t i v i t y  of  c h o le r a  tox in . In c o n tra st  the S T - l ik e  
toxin was not heat  l a b i l e  withstanding lOO^ C fo r  30 minutes. ST-like  
tox in  was d i a l y z a b l e  and capable of passing  through an Amicon AM 10
6b
FIG. 12 The compos i t e  rank p o s i t i o n  o f  non 01 V. c h o l e r a e  which 
e l i c i t e d  an i n f a n t  r a b b i t  r e s ponse  s e p a r a t e d  accord i ng  tp 
i s o l a t i o n  source .
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f i l t e r .  Peak f lu id  accumulation in the i l e a l  loop and suckling mouse 
occurred by 4 hours. I t s  a c t i v i t y  was not neu tra l ized  by an t icho le ra  
toxin serum.
1.2 Results of the c h a rac te r i s a t io n  t e s t s
The r e s u l t s  o f  121 c h a r a c t e r i s a t i o n  t e s t s  on th e  195 V ibrio- l i k e
i s o l a t e s  a r e  s u m m a r i s e d  i n  Table 18. The s e l e c t i o n  o f  t h e  
bac te r io log ica l  t e s t s  was empirica l  : only t e s t s  which demonstrated 
d if f e r e n c e s  between th e  s tr a in s  were chosen. T e s ts  r e j e c t e d  were 
those which were 100% pos i t ive  or negative for  a l l  195 iso la te s .
All s t r a i n s  were Gram negative rod shaped organisms. The majority  
0 9 5 1 )  conformed t o  the  current d e f in i t i o n  of  th e  V ibrionaceae: 
oxidase positive , aerobic, motile, fermentative organisms which reduce 
nitrates  to  n itr i te s .  Over 82% (160 s t ra in s )  were sen s i t iv e  to  150 ug 
of the v ib r io sta t ic  agent,  0129, a character associated with the genus 
Vibrio. The temperature range of growth was wide : nearly a l l  strains  
098.5%) grew at both 15° and 42°; 60% of strains grew at 10° and over 
85% of strains grew a t  45°C. The majori ty  of s t r a i n s  were between 1.0 
-  2.0 urn in l e n g t h  (80.5%) and 0.2 -  0.5 urn in  w id th  (80%). The 
majority of strains (67%) were i so la te d  from human disease.
1.2.1 Numerical techniques.
As reviewed in the Introduction section the numerical evaluation of 
the s im i l a r i t y  between strains and the ordering of these strains into  
phenons on th e  b a s is  of  th e ir  a f f i n i t i e s  can be accomplished by a 
v a r ie ty  o f  methods. Many s im i la r i t y  c o e f f i c i e n t s  can be used t o  
d e r i v e  a matrix composed of  s im i la r i t y  v a lu e s  f o r  every pair  of 
strains. Again various clustering s t r a t e g i e s  e x i s t  to summarise the 
s tru c tu re  of  th e  matrix in  two dim ensions. The r e s u l t s  o f  th e  
a p p l i c a t i o n  of  th e s e  numerical t e c h n iq u e s  on th e  195 V ibrio - l i k e  
organisms now follows.
I b H
TABLE 18 ' Summary o f Test R esults
Test No. Characters No. 4- % 4-1
1 Source -  human associated 131 57.2
2 Cell s ize :  0.5 -  I.Oum 8 4.1
3 Cell s ize :  1.0 -  2.0um 157 80.5
II Cell s ize :  >2.Oum 30 15.4
5 Cell width: 0.2 -  0.5urn 152 78.0
6 Cell width: >0.5um 43 22.0
7 Str ing t e s t 156 80.0
8 Agglutination 0 group 1 serum 9 4.6
9 Sen sit iv ity  to  lOug 0129 123 63.1
10 S e n s i t iv i ty  to  150ug 0129 160 82.1
11 Moti l i ty 189 96.9
12 Indole 146 74.9
13 Urea 23 11.8
14 Glucose (gas) 7 3.6
15 Lysine decarboxylase 159 81.5
16 Arginine dihydrolase 42 21.5
17 Ornithine decarboxylase 
Resistance to:
149 76.4
18 Ampicill in 54 27.7
19 Chloramphenicol 13 6.7
20 Streptomycin - 54 27.7
21 Gentamycin 2 1.0
22 Tetracycline 14 7.2
23 Cephalosporin 43 22.1
24 Kanamycin 5 2.6
25 Septrin 10 5.1
26 Polymyxin B 144 73.9
27 Chick c e l l  agglu t ina t ion 35 18.0
28 Soluble haemolysin 125 64.1
29 E n t e r i t i s  in r ab b i t 149 76.4
30 Cholera-toxin production 23 11.8
31 Heat s tab le  enterotoxin 3 1.5
32 Mouse l e th a l  assay (whole cu l tu re ) 183 93.9
33 Extracellular mouse l e t h a l  toxin 15 7.7
no
TABLE 18 Summary o f  T e s t  R e s u l t s  (Cont'cl)
Test No. Characters No. 4-
34 Kanagav/a reac t ion  
U t i l i s a t io n  of:
43 22.1
35 acetate 75 38.5
36 alanine 16 8.2
37 glycine 14 7.2
38 lac ta te 165 84.6
39 lys ine 50 25.6
40 malonate 10 5.1
41 proline 157 80.5
42 asparagine 188 96.4
43 aspartic acid 34 17.4
44 ser ine 50 25.6
45 valine 11 5.6
46 methionine 25 12.8
47 tryptophan 97 49.7
48 gluconate 91 46.7
49 glutamic acid 81 41.5
50 c i t r a t e 98 50.3
51 phenylalanine 53 27.2
52 h i s t i d in e 131 67.2
53 arabinose 65 33.3
54 mannose 101 51.8
55 sucrose 125 64.1
56 succinate 177 90.8
57 so rb i to l 144 73.9
58 s a l i c in 39 20.0
59 threonine 150 76.9
60 i n o s i t o l 10 5.1
61 tyrosine 56 28.7
62 oxaloacetic acid 111 56.9
63 Swarming 43 22.1
64 Haemolysis of g o a t ' s  blood 159 81.5
65 Oxidase 190 97.4
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TABLE 18 ( C o n t 'd )
Test No. Characters No, 4- %4.1
66
Growth in:
0% NaCl 142 72.8
67 1% NaCl 194 99.5
68 5% NaCl 174 89.2
69 6% NaCl 144 73.9
70 7% NaCl 86 44.1
71 9% NaCl 24 12.3
72 10% NaCl 3 1.5
73
Growth a t :  
10°C 117 60.0
74 15°C 192 98.5
75 42°C 193 99.0
76 45°C 167 85.6
77
Acid in:
arabinose 46 23.6
78 f ruc tose 181 92.8
79 mannose 154 79.0
80 galactose 153 78.5
81 mannitol 192 98.5
82 d u lc i to l 3 1.5
83 so rb i to l 19 9.7
84 sucrose 125 64.1
85 lac tose 17 8.7
86 maltose 167 85.6
87 sa lic in 8 4.1
88 cel lobiose 27 13.9
89 glycerol 104 53.3
90 i n o s i to l 8 4.1
91 inu l in 2 1.0
92 rhamnose 3 1.5
93 trehalose 183 93.9
94 xylose 7 3.6
95 melibiose 3 1.5
96 melezitose 5 2.6
97 raffinose 15 7.7
TABLE 18
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(Cont 'd)
TEST No. Character No 4-
98 Nitrate reduction 187 95.9
99 N itr ite  reduction 12 6.2
100 Methyl red 173 88.7
101 Voges-Proskauer 62 31.8
102 Aesculin hydrolysis 94 48.2
103 Gluconate oxidation 
Production of
76 39.0
104 amylase 171 87.7
105 DNAase 166 85.1
106 ge la t inase 188 96.4
107 lec ith in ase 172 88.2
108 tween 80 hydrolysis 170 87.2
109 phosphatase 74 38.0
110 Phenylalanine hydrolysis 4 2.1
111 Growth on 10% b i l e 113 58.0
112 Growth in KCN broth 12 6.2
113 Growth in Kosers c i t r a t e 187 95.9
114 Hydrogen sulphide (lead acetate) 50 25.6
115 Tyrosine u t i l i sa t io n 140 71.8
116 Brown pigment on tyrosine agar 
Growth on:
52 26.7
117 Neutral red lOug/ml 194 99.5
118 B ril l ia n t  green 12.5ug/ml 109 55.9
119 Sodium l au ry l  sulphate lOOug/ml 
Survival a t :
189 96.9
120 50°C 10 mins 181 92.8
121 50°C 30 mins 131 67.2
1 Total number of s t r a i n s  t e s ted  was 195
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1 .2 .1 .1 .  The f i r s t  c l u s t e r i n g  run  e m p lo y in g  a d i s s i m i l a r i t y  
c o e f f i c i e n t  and the Group Average s tra tegy .
In t h i s  c lu s t e r  a n a l y s i s  th e  squared  Euc l idean  d i s t a n c e  (D^) 
c o e f f i c i e n t  i s  used to  c a l c u l a t e  the  d i s s i m i l a r i t y  between t h e  195 
s tr a in s  compared over  121 c h a r a c te r isa t io n  t e s t s .  The squared 
Euc l idean  d is ta n ce  c o e f f i c i e n t  measures s t r a i n  d i s s i m i l a r i t y  : f o r  
binary data the complementary form i s  the simple matching c o e f f i c i e n t  
(Sm) mathematically expressed as Sm = 1 -  D^ . D iss im i la r i ty  values  
were c l u s t e r e d  by t h r e e  t e c h n iq u e s  : F urthest Neighbour A nalysis  
(FNA); Group Average and Lance Williams Analysis (LWA) and the resu lts  
were p lo t ted  as dendrograms. For both FNA and Group Average ana lys is  
the  s c a l e  on the s id e  of  the dendrogram ex p resses  the degree  of  
d i s s i m i l a r i t y  between s tr a in s ;  su b tra ct in g  the d iss im ila r ity  value 
from unity and multiplying by 100 transforms the value to  a percentage 
s im ilar ity  leve l.  The dendrogram produced by Group Average analysis  
i s  s e l e c t e d  because t h i s  method assembled s t r a i n s  to  produce 
d i s t i n c t i v e  dense clusters. The unselected dendrograms are  given in 
Appendix 2.
The dendrogram produced by Group Average analysis i s  given in Fig 
14. By drawing an arb itrary  l i n e  a c r o s s  th e  dendrogram a t  t h e  75% 
s im i la r i t y  l e v e l  a number of dense c lu s t e r s  r e p r e s e n t i n g  taxonomic 
groups were discerned. The fo rm a t io n  of  t h e s e  taxonomic groups i s  
i l lu s tra ted  in Fig 13 where each group i s  represented by a t r i a n g l e  the 
apex o f  which i n d i c a t e s  the  l e v e l  o f  a s s o c ia t io n .  At th e  75% 
s im i la r i t y  l e v e l  th e  f o l l o w in g  groups a r e  r e c o g n i se d :  taxon AB
phenons D, E, F, G and H, which c o n ta in  121, 19, 28, 3, 2 and 2
s t r a i n s  r e s p e c t i v e l y .  Taxon AB i s  d i f f e r e n t i a t e d  a t  t h e  76% 
s im i la r i t y  l e v e l  i n t o  two phenons A and B which contain  116 and 5 
s t r a i n s  r e s p e c t i v e l y .  Phenon B i s  d i f f e r e n t ia t e d  a t  the 78% 
s im i la r i t y  l e v e l  in to  2 f u r t h e r  phenons, B1 and B2, which conta in  3 
and 2 strains respectively. Phenon C i s  formed a t  the 71% s im ila r ity  
l e v e l  and c o n t a i n s  18 s tr a in s .  Attached t o  taxon AB a r e  2 ungrouped 
s i n g l e  s tr a in s  which a r e  no t  g iven  taxonomic rank. Thus in  th e  
dendrogram the 195 strains are c lus tered  in to  9 phenons designated 
A, B1, B2, C, D, E, F, G and H and 2 ungrouped s tr a in s .
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F or  i l l u s t r a t i v e  p u r p o s e s  s t r a i n s  w i t h i n  e a c h  phenon a r e  
represented by a d i s t i n c t iv e  symbol. Thus phenons A = # ;  B1 =A ; B2 =A 
; C =■ ; D = □ ;  E = 0 ; F  = ♦ ;  G = x and H = -Î-; s tr a in  186 = Vand s tr a in  
120 =▼. In a l l  subsequen t  n u m er ic a l  a n a ly s e s  t h e s e  c h a r a c t e r i s t i c  
symbols are  assigned to  each individual  s t r a i n  according to  the phenon 
defined by the above Group Average analys is .  This method of marking 
f a c i l i t a t e s  t h e  v i s u a l  comparison of  i n d i v i d u a l  s tr a in s  in  th e  
dendrograms produced by the different c lu s te r in g  analyses which are to 
follow.
The main d ifferen t ia l  charac ters  of the 9 phenons and 2 individual 
strains produced by Group Average ana lys is  i s  given in Table 19. The 
ch a r a c te r isa t io n  t e s t s  were scored p o s i t i v e  i f  851 or more s t r a i n s  
with in  a phenon gave a p os i t ive  reac t ion  whereas i f  only 15% or l e s s  
of  s tr a in s  w i t h i n  a phenon produced p o s i t i v e  r e a c t i o n s  th e  t e s t  was 
scored negative; variable reactions were indicated by the number of 
s t r a i n s  giving p osit ive  react ions .
I t  w i l l  be d em o n s t ra ted  in  th e  next  su b sect ion  t h a t  th e  phenons 
identified  by the numerical approach, applied here, la rge ly  correspond 
to c la s s i c a l  species and biotypes of  the Vibrionaceae. Thus strains  
w i th in  phenon B1 and B2 a l th o u g h  h ig h ly  s im i la r  t o  phenon A (74% 
s i m i l a r i t y )  d i f f e r  in  a number of  c l a s s i c a l  taxonomic ch aracters .  
Phenon B strains lacked n i t r a t e  reductase , required sodium ch lo r id e  
for  growth and are  res istan t to  polymyxin B (50 units). Furthermore, 
phenon B1 s t r a i n s  a r e  o x i d a s e  n e g a t i v e  and p r o d u c e  a r g i n i n e  
dihydrolase w h i l s t  phenon B2 strains ferment du lc ito l and i n o s i t o l  and 
synthesize amylase. These character differences j u s t i f y  the exclusion 
of phenons B1 and B2 from phenon A.
S t r a i n s  w ith in  phenon C d i f f e r  from phenon A s t r a in s  in  th e ir  
r e s i s t a n c e  to  10 and 150 ug o f  0129. Fu r the rm ore  phenon C s t r a in s  
po s se s s  arg in in e  d ihydrolase  bu t  f a i l  t o  decarboxylate o r n ith in e .  
Phenons D and E are dist inguished  from phenon A on their resistance to  
lOug o f  0129. In  a d d i t i o n  phenon D s t r a in s  f a i l  to  decarboxylate  
l y s i n e  and o r n i t h i n e  but  produce a r g i n i n e  d ih yd ro lase , they  u t i l s e  
ser in e ,  g lu t a m ic  ac id  and arabinose as s o l e  carbon so u rc e s  and they
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TABLE 19 The main d i f f e r e n t i a l  characters  o f  the 9 phenons and 2 
s i n g l e  s t r a i n s  produced by Group Average A na lys i s .
TEST Dendrogram defined phenons
A B1 B2
s tr a in s  
120 186 C D E F G H
Str ing  reac t ion + + + ■ + + V V V + + -
0129 s e n s i t i v i t y  lOpg + + - + +
0129 s e n s i t i v i t y  150yg + + + + + - V + - - -
Indole + V + + + + V V - - +
Urea - + V - - V V V - - ■ +
Glucose (gas) - V V - - V - - - - +
Lysine decarboxylase + + + - - V - + + - +
Ornithine decarboxylase + V V - - - - + - V +
Polymyxin B r e s i s ta n c e + - - + + V V V - - -
E n t e r i t i s  in rabbits + V V - - V V + - V +
U t i l i s a t i o n  of:  
pro l ine V + + V + + + V
se r in e - - - - - V + V - V V
glutamic acid - + - - - V + + + + +
arabinose - - - + - V + + + V +
ty r o s in e - - - - - V V + - - -
Oxidase + - + + + + + + + + -
Growth in 0% NaCl + V - - - V V - V + +
Arabinose (ac id ) - - - + - V + V V - +
D u lc i to l  (ac id ) - - - - + - - - - - +
Sorb ito l  (ac id ) - V + - + V - - + - +
Lactose (ac id ) - V - + - V - - - - +
In o s i to l  (ac id ) - V + - + -
R aff inose  (ac id ) + - +
N itra te  reductase + - - - + + + + + + +
Amylase , + + - + + + + + + 1 -
Arginine dihydro lase - + - - - + + - V - -
Numbers o f  s t r a in s 116 3 2 1 1 18 19 28 3 2 2
Notes: Test  reac t ion  +,  more than 85% of  s t r a i n s  t e s t e d  were p o s i t i v e
- ,  more than 85% o f  s t r a i n s  t e s t e d  were nega t ive
V, between 16 -  85% o f  s t r a i n s  t e s te d  were p o s i t i v e
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ferment arabinose. Phenon E s t r a i n s  require  NaCl for  growth and u t i l i s e  
glutamic acid, arabinose and tyros ine  as sole carbon sources. These 
c h a r a c t e r  d if f e r e n c e s  j u s t i f y  th e  i n d i v i d u a l  s t a t u s  of  th e se  3 
phenons.
Like phenon C the 3 s t r a i n s  with in  phenon F are r e s i s t a n t  to  10 and 
150ug o f  0129. These 3 s t r a i n s  a re  d i s t i n g u i s h e d  from phenon C on 
their fe rmentat ive  ac t ion  on ra f f inose  and their  i n a b i l i t y  to produce 
in d o le .  Phenon F s t r a i n s  a re  d i s t i n g u i s h e d  from phenon A by th e ir  
s e n s i t i v i t y  to  polymyxin B, in a b il ity  to decarboxylate o rn i th ine  and 
th e i r  fermentative action on arabinose and so rb i to l .
The two s tr a in s  comprising phenon G a re  d is t in g u ish e d  from the  
other  193 s t r a in s  by their non fermentat ive  action. In addition these 
2 strains are  resistant to  150ug of  0129.
The two s tr a in s  com prising phenon H a re  ch a ra cter ised  by t h e i r :  
r e s is ta n c e  t o  150ug of  0129; lack  of  oxidase a c t i v i t y  and n e g a t iv e  
string t e s t .  A number of characterisation te s t s  serve to  distinguish  
these s t r a in s  from the other 193 strains including gas production from 
g lu c o s e ;  s e n s i t i v i t y  t o  p o ly m y x in  B, o r n i t h i n e  and l y s i n e  
decarboxylase a c t i v i t y  and fermentative action in d u lc i to l ,  sorb ito l,  
lactose  and raffinose.
At the 71% s im i l a r i t y  l e v e l  s tr a in  120 and 186 are separate from
phenon AB and form 2 d i s t i n c t  groups.  However, s in c e  each group 
c o n s is te d  of  s i n g l e  s tr a in s  no phenon s ta tu s  was ascr ibed . I n s t e a d  
the two strains were t re a ted  as indiv idual  organisms. Both s t r a i n  120 
and 186 are s e n s i t iv e  t o  0129, produce oxidase, require NaCl fo r  
growth bu t  l a c k  o r n ith in e  and l y s i n e  decarboxylase a c t i v i t y  and 
arginine dihydrolase. Strain 120 a lso  fa iled  to  reduce n i t r a t e s  but 
fe rm en ted  arabinose and l a c t o s e .  Thus both  s t r a i n s  were c le a r ly  
d i s t i n c t i v e  from the other 193 s t r a in s .  S t ra in  186 i s  the reference 
c u l t u r e  o f  V. a l b e n s i s  (NCMB 41); a p a r t  from t h i s  s t r a i n  no other  
a lbens is  type strain was id e n t i f i e d  in  t h i s  study.
Thus th e  9 phenons p ro d u c e d  by t h e  c l u s t e r  a n a l y s i s  w e re
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d i s t i n c t i v e .  Each phenon was d i s t i n g u i s h e d  by a number  of  
characterisation te s ts .  The taxonomic s ta tu s  and description of these 
phenons now follows.
1.2.1.2. Correspondence of phenons with c la ss ic a l  taxonomic groups
1.2.1.2.1. Phenon A V. cholerae  01 and non 01.
Phenon A i s  composed of  116 s t r a i n s  and i s  formed a t  th e  76% 
s im ila r ity  l eve l .  Strains in  t h i s  phenon are Gram negative, oxidase 
positive , fermentative, rod shaped, motile  organisms which are s t r in g  
t e s t  p o s i t i v e ,  s e n s i t i v e  t o  lOug o f  0129,  produce i n d o le ,  
decarboxylate lysine and ornithine, lack arginine dihydrolase, grow in 
media lacking sodium chloride ,  reduce n itrates  to  n i t r i t e s  and produce 
g e l a t i n a s e .  All  s t r a i n s  thus  conform to  th e  d e sc r ip t io n  of  V. 
cholerae . The entire c o l lec t io n  was selected by mesophilic enrichment 
(30°);  n e v e r t h e l e s s  th e  m a j o r i t y  of  the  s tr a in s  grew a t  both  15 and 
42°C.
At th e  81% s im i l a r i t y  l e v e l  5 b i o ty p e s  of  phenon A can be 
recognised. The formation of these 5 biotypes i s  i l lu s tra ted  in  the 
s i m p l i f i e d  dendrogram given  in  Fig  15. Biotype 1, 2, 3, 4 and 5 
contain 69, 9, 35, 1 and 1 s t r a i n s  respectively. The s ign if icance  of  
b io ty p e s  4 and 5 i s  q u e s t i o n a b l e  due to  th e  l a c k  of  a r e p r e se n ta t iv e  
number of s t r a in s .
The d ifferen tia l  properties of the 5 biotypes of Phenon A i s  given 
in  Table  20. A p o s i t i v e  re a c t io n  was scored i f  80% or  more of the  
strains gave a p os i t ive  resu lt  and a negative reac t ion  scored i f  20% 
or l e s s  of  th e  s tr a in s  gave a p o s i t i v e  r e s u l t .  The s i n g l e  s tr a in  
r e p r e s e n t i n g  biotype 5 i s  ch a ra cter ised  s o l e l y  by i t s  a b i l i t y  to  
u t i l i s e  more carbon su b s tr a te s  f o r  growth. Thus t h i s  s i n g l e  s tr a in  
p r o b a b l y  r e p r e s e n t s  a n u t r i t i o n a l  v a r i a n t .  The two s t r a i n s  
r e p r e s e n t i n g  b io ty p e  4 a re  ch a ra cter ised  by t h e i r  r e s i s t a n c e  t o  
am picillin  and cephalosporin, t h e i r  a b i l i t y  to  u t i l i s e  phenylalanine 
and tyrosine as sole carbon sources and th e i r  a b i l i t y  to  t o l e r a t e  9% 
NaCl. Both of  th ese  s t r a i n s  were rece ived  as NCVs from t h e  V ib r io
so
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TABLE 20 D i f f e r e n t i a l  c h a r a c t e r s  o f  t he  V. c h o l e r a e  b i o t ype s
TESTS
1
V.
2
c h o l e r a e
3
b i o t yp e s
4 5
A g g l u t i n a t i o n  in  01 s-erum - + _ _
A m p i c i l l i n  r e s i s t a n c e - - - ■ t -
Cepha l ospor i n  r e s i s t a n c e - - - + -
Polymyxin B r e s i s t a n c e  
U t i l i s a t i o n  of :
+ V + +
a c e t a t e - . V - +
a l a n i n e - - - - +
malona te - - ■ - - +
s e r i n e - - - +
v a l i n e - - - +
g l u c on a t e - V - - .+
g l u t ami c  ac i d - - V - +
p h e n y l a l a n i n e - - - + -
s uc r os e ■ + . V + +
t y r o s i n e - - - + -
o x a l o a c e t i c  ac i d V ' - V + +
Growth in  5% NaCl + - + + +
Growth in 9% NaCl - - - + -
Growth a t  10^0 V V V + -
Ga l a c to s e  ( ac i d ) V + + - -
Sucrose  ( ac i d ) + + - -■ + +
Mai tose  ( ac i d ) + + + + -
Methy red + V + V -
Voges Proskauer V V - + + .
A e s cu l i n  h y d r o l y s i s V - V - +
Glucona t e  o x i d a t i o n V + - + +
L e c i t h i n a s e + +• + + . -
Phospha tase - - + - +
Tyros i ne  u t i l i s a t i o n V + V V -
B r i l l i a n t  Green 12.5ug/ml V V V ■ +
Number of  s t r a i n s 69 ■ 9 . 35 2 1
Notes:
Te s t  r e a c t i o n s +,  more than 80% of  s t r a i n s  t e s t e d  were p o s i t i v e
- ,  more t han  80% of  s t r a i n s  t e s t e d  were n e g a t i v e
V, between 21 - 79% of  s t r a i n s  t e s t e d  were p o s i t i v e
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Reference Laboratory (VPL), Maidstone. S t ra in  54 was i so la te d  from an 
a g r i c u l tu r a l  drainage d i tch  in Kent and s t r a i n  65 from Czechoslovakian 
w a te r s .  More of  th e s e  s t r a i n s  need t o  be examined b e f o re  t h e i r  
s ta tu s  can be f i rm ly  es tab l ished .
B io types  1 and 2 a r e  very  s i m i l a r  and can only  be d i s t i n g u i s h e d  
from one another on 2 c h a r a c t e r i s t i c s :  the 01 antigen and the a b i l i t y  
t o  t o l e r a t e  5% NaCl. Thus th e  9 s t r a i n s  co m p r is in g  b io ty p e  2 
agg lu t ina te  in serum s p e c i f i c  for  cholera v ib r io s  and correspond to  
V. cholerae 01. In te re s t in g ly  these nine cholera v ib r io s  s t r a i n s  of 
biotype 2 are  fu r th e r  separated a t  the 85% s im ila r ity  l ev e l  into two 
s u b t y p e s  : s u b t y p e  1 and 2 which c o n s i s t  o f  4 and 5 s t r a i n s  
respect ively . .  Subtype 1 s t r a i n s  are d is t inguished  from subtype 2 on 
th e  i n a b i l i t y  of  the  former to  elaborate demonstrable e x t r a c e l lu l a r  
cholera toxin. The nontoxigenic subtype 2 s t r a in s  were iso lated  from 
en v i ro n m e n ta l  so u rce s  (Guam; 3) and a h e a l t h y  c a r r i e r  (1) and a r e  
probably typical of what are now recognised as non-toxigenic and hence 
a v i r u l e n t  V. c h o l e r a e . Inc lu d ed  w ith in  subtype  2 of  b io ty p e  2 a r e  
s t r a i n s  of  b io ty p e s  El Tor and cholerae of th e  V. c h o le r a e  01. Thus 
th e s e  two b io typ es  c l a s s i c a l  and El Tor, were h ig h ly  r e l a t e d  and 
a l though  only a few s tr a in s  were examined they could not  be 
d is t inguished from each other.
All  s tr a in s  w ith in  b io typ es  1 and 3 l a c k  t h e  01 a n t i g e n  and 
correspond to  d e sc r ip t io n s  of non cholera  v i b r i o s  or NAG v ib r io s .  
Strains within biotype 3 d iffer  from biotype 1 and 2 strains on their  
i n a b i l i t y  to  ferment and to  u t i l i s e  sucrose as a sole  carbon compound 
and t h e i r  a b i l i t y  to  produce phosphatase. Biotype 3 strains ferment 
mannose but not arabinose and therefore  correspond to  Group V of the 
Heiberg typing scheme. Whilst  a l l  biotype 1 stra ins ferment sucrose 
only  35 s tr a in s  (51%) f e rm e n t  mannose and none f e rm e n t  arabinose.  
T h e re fo re  b io ty p e  1 in c lu d es  s t r a i n s  of  Heiberg type I  and I I .  In 
summary, the 3 main biotypes of the cholerae phenon represent : ( 1 ) 
Heiberg types I  and I I ;  (2) 01 cholera strains and (3) Heiberg group V 
strains.
The non 01 lA. cholerae strains which produced demonstrable CT-like
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t o x in  were not r e s t r i c t e d  t o  a p a r t i c u l a r  biotype. Of 18 s t r a i n s  
in c lu d ed  in  th e  taxonomic s tudy  which produce a CT-l ike  t o x i n ,  12 
(17.4%) were p laced  in  biotype 1 and 6 (17.1%) were p laced  in  biotype  
2. Thus the a b i l i t y  to  produce a CT-like toxin was a charac ter  which 
was not s u f f i c i e n t ly  d i s t i n c t i v e  to enable s t r a i n s  which possessed i t  
to  be clustered in one biogroup.
1.2.1.2.2. Phenon B1 V. metschnikovii
The 3 s t r a i n s  which com prise  phenon B1 conform t o  the  g e n e r a l  
d e f in i t io n  of the Vibrionaceae with the exception of two fundamental 
c h a r a c t e r s  : o x idase  and n i t r a t e  r e d u c t a s e  a c t i v i t y .  The l a c k  o f  
these two enzymes but t h e i r  otherwise overa l l  s im i l a r i t y  to  cholera 
v ib r io s  aids their id en tif ica tion . In addition strain 188 and 189 are 
r e f e r e n c e  c u l t u r e s  o f  Vi. m e t s c h n ik o v i i  ( NCTC 8443 and 11170 
respect ively) .  This phenon therefore  corresponds to  \A metschnikovii . 
The id e n t i t y  of  s tr a in  116 was confirmed by th e  VRL; a l th o u g h  t h i s  
strain was atypical in th a t  i t  lacked chitinase and l i p a s e  a ctiv ity .
Thus, the 3 s t r a i n s  of lA. metschnikovii are :Gram negative; oxidase 
and nitrate negative, fermentative, rod shaped, motile  organisms which 
are s t r in g  t e s t  pos i t ive ,  s e n s i t iv e  to  lOug of 0129, possess arginine 
dihydrolase and lys ine  but not o rn ith in e  decarboxylase , and ferment  
sucrose and mannose but not arabinose. Two strains f a i l e d  to  grow in 
Op NaCl. The temperature range of growth was between 15° -  45°C.
1.2.1^A3. Phenon B2
This  phenon, l ik e  phenon B1, i s  composed of  a few s t r a i n s  only. 
Nevertheless certain fundamental characters serve to d is t in g u ish  these 
s tr a in s .  The two s tr a in s  a re :  Gram n e g a t iv e ,  oxidase p o s i t iv e ,  
n i t r a t e  negative,  fermentative, rod shaped, motile  organisms which are 
s t r i n g  t e s t  p o s i t iv e ,  r e s i s t a n t  to  lOug bu t  s e n s i t i v e  t o  150ug of  
0129, which decarboxylate l y s in e  and o r n ith in e ,  lack  a r g i n i n e  
dihydrolase and ferment sucrose and mannose but not arabinose. These 
two s tr a in s  r e q u i r e  NaCl f o r  growth and a re  ch a ra c ter ised  by 
fermenting in o s i to l  and so rb i to l .
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These two s t r a i n s  cannot  be a s s ig n e d  t o  an e s t a b l i s h e d  V ib r io  
species.  In t h i s  study they are  most s im i la r  to  the metschnikovii 
phenon bu t  d i f f e r  in  th e ir  r e s i s t a n c e  t o  lOug of  0129, o r n i t h i n e  
decarboxylase, arginine dihydrolase, oxidase and amylase a c t i v i t y  and 
t h e i r  fermentat ive  ac t ion  on so rb i to l  and in o s i to l .  Both strains were 
i so la te d  from water in  the Maldives during a cholera epidemic.
According to  the VRL, these strains were sim ilar to  an unclassified
Vibrio group in th e i r  co l lec t ion .  Most of  th e i r  s t r a i n s  were i so la ted  
from the River Humber near Hull w hilst some were i so la ted  from frozen 
Dutch cooked c o c k le s  and an unknown so u rce  in  Yugoslavia .  Thus the  
taxonomic s ta tu s  of these organisms awaits a detailed examination of 
more s t r a in s .
1.2,1.2.4 Phenon C A. hvdrophila
This  phenon which c o n s i s t s  of  18 s tr a in s  con ta in s  referen ce  
c u l t u r e s  o f  A. hvdrophila (3) in c lu d in g  the  type s p e c ie s ,  a c u ltu r e  
rece ived  as  A. so b r ia . 7 c l i n i c a l  and 7 en v i ro n m e n ta l  i s o l a t e s .  All  
strains conform to  the description of hvdrophila. They are: Gram 
negative, oxidase pos i t ive ,  fermentat ive,  rod shaped, moti le  organisms 
which a r e  0129 r e s i s t a n t ,  f a i l  to  decarboxylate o r n ith in e ,  some 
s t r a i n s  d e c a rb o x y la te  l y s i n e  bu t  a l l  s t r a i n s  p o ssess  a r g i n i n e  
d ih y d r o la s e .  They a r e  n i t r a t e  p o s i t i v e ,  m ost s t r a i n s  grow 
in  media c o n ta in in g  0% NaCl and between 10° and 45°C. All  s tr a in s  
ferment mannose; most ferment sucrose  w h i l s t  some s t r a i n s  ferment  
arabinose.
No subclusters of phenon C were discerned because of the low number 
of s t r a in s .  As a group these strains behaved as ty p ic a l  A hvdrophila. 
Most strains (12) ferment both sucrose and mannose however 4 strains  
f a i l e d  to  ferment sucrose but  fermented mannose. Sucrose negative A. 
hvdrophila although not commonly documented in the l itera tu re , appear 
to occur both in the aquatic  environment and c l i n i c a l  specimens. The 
id en t i ty  of strains 80,84, 154 and 155 was confirmed by the VRL.
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Surpris ingly  s t r a i n  192, received as A. so b r ia . c lus te red  with the 
type c u l t u r e  o f  A. h v d ro p h i la  ( s t r a i n  187; MCMB 86). S t r a i n  192 was 
iso lated  from a terrapin and in th is  study separation between the "so- 
ca l led  sobria isolate" and the other aeromonads was not evident.  This 
finding accords with the d i f f i c u l t y  experienced by some taxonomists in 
recognising JL sobria strains.
Table 21 l i s t s  the discriminatory charac ters  ^for the differentia tion  
of hvdrophila and ^  sobria  and compares the resu lts  of t h i s  study 
with t h a t  obtained by Veron & Popoff (1976). I t  was suggested t h a t  A. 
sobria could be d is t inguished from hvdrophila on 6 negative and 1 
p os i t ive  a t t r i b u t e s ,  although strain variation was noted to  be high. 
In  t h i s  s tudy  more v a r ia b le  r e s u l t s  were obtained and none of th e  
d iscr im in a to ry  t e s t s  were uniform ly p o s i t i v e .  R e s u l t s  on th e  ’so 
c a l le d  sobria  i s o l a t e '  accorded  w ith  th e  published da ta  on the  
n e g a t iv e  a t t r i b u t e s  bu t  d if fe r e d  in  f a i l i n g  to  produce -  a 
c h a r a c t e r  o f  hvdrophila s tr a in s .  The ' s o - c a l le d  sobria  i s o l a t e '  
differed from the other aeromonads in the present study by u t i l i s i n g  
t ry p to p h an ,  ferm enting s o r b i t o l ,  l a c t o s e  and xy lose ,  bu t  f a i l i n g  to  
produce DNAase and e s te r a s e .  These c h a r a c t e r s  were of l i m i t e d  
d i f f e r e n t i a l  v a lu e  in  Popoff and Veron study and s im i la r ly  in  t h i s  
study they lacked discr iminatory  value.
1.2.1.2,5 Phenon D V. f l u v i a l i s
This phenon, l ik e  phenon E i s  separated at the 70% s im ila r ity  leve l  
from phenons A, B1 B2 and C. Phenon D con ta in s  19 s tr a in s  2 o f  which 
a re  r e f e r e n c e  cu ltu r e s  of  V. f l u v i a l i s  ( s t r a in  193 and 194). A ll  
s tr a in s  conform t o  the  d e sc r ip t io n  o f  V. f l u v i a l i s . They are: Gram 
negative, oxidase positive , fermentat ive,rod shaped, moti le  organisms 
which are  res istan t to lOug but generally sen s i t iv e  to  150ug of 0129, 
they  lack  l y s i n e  and o r n i t h i n e  de ca rb o x y la se  but  po s se s s  a rg in in e  
dihydrolase. They are n i t r a t e  positive. All strains ferment sucrose, 
mannose and arabinose and hydrolyse aesculin . Some strains (10) f a i l  
to  grow in the absence of Ma Cl.
Since i t ' s  re c o g n it io n  in 1976 V. f l u v i a l i s  has been e x t e n s i v e l y
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s tu d i e d  and r e c e n t l y  a fo rm al  p roposa l  has been made to  name th e se  
o rgan ism s  V. f l u v i a l i s  (Lee e t  ^  1981) Apart  from th e  2 r e f e r e n c e  
c u l t u r e s  a l l  s t r a i n s  in  t h i s  s tudy were i s o l a t e d  from d iarrhoeal  
p a t ien t s  in Bangladesh between 1977 and 1978. They may well there fo re  
r e p r e s e n t  t h e  p r e v a l e n t  e p i d e m i c  b io ty p e  d u r i n g  t h a t  p e r i o d ,  
Nevertheless some v a r ia t io n  between s t r a i n s  was noted although th i s  
v a r i a t io n  was i n s u f f i c i e n t  to warrant biotype separation.
Table  22 compares th e  p ro p er t ie s  of phenon D s tr a in s  t o  s i m i l a r  
s tr a in s  examined by Huq _et â i . , (1980a) and Lee e_fc ^ , , ( 1 9 8 1 ) .  An 
aerogenic and anaerogenic bio type was recognised by Lee et  a l . .(1981). 
However no aerogenic strains were found in the present study or by Huq 
^  ^ . , (  1980a). No universal d ifferences was noted between the three 
s tu d ie s .  Minor s tr a in  v a r ia t io n  occurred i n  t h e  f o l l o w i n g  t e s t s :  
s e n s i t i v i t y  t o  150ug o f  0129; a b i l i t y  to  swarm; in d o le  production; 
growth in media containing 9% NaCl and growth at 42°C.
Phenon D strains were invariably i so la ted  from diar rhoeal  p a t ie n t s  
a l t h o u g h  t h e i r  a e t i o l o g i c a l  r o l e  i n  d i s e a s e  was n o t  f i r m l y  
established. None of the 19 s t r a i n s  examined in t h i s  study produced a 
demonstrable CT-l ike  to x in  or  a h e a t  s t a b l e  tox in . However, 8 
s tr a in s  (42.1%) produced an e n t e r i t i s  response in  ra b b its  and were 
a lso  Kanagawa t e s t  pos i t ive .  In addition, 2 strains which f a i l e d  to  
demonstrate enteropathogenic p o ten tia l  were a l s o  Kanagawa p o s i t i v e .  
Thus more s tr a in s  need to  be examined b e f o re  a c o r r e la t io n  between  
e n te r i t is  and Kanagawa reac t ion  can be determined.
1.2.1.2.6. Phenon E V. parahaemolvticus
This phenon which consists  of 28 s t r a i n s  i s  most sim ilar to phenon 
D but a number of characters distinguish them. Although containing no 
reference cu l tu re  phenon E s t r a in s  correspond to  the description of V. 
parahaemolvticus. Thus a l l  strains are  : Gram negative, oxidase and 
n itr a te  p o s i t iv e ,  ferm en ta t iv e , rod shaped, m o t i l e  organisms which 
invariably are string t e s t  and indole negative, res istan t to  lOug but 
s e n s i t i v e  t o  150ug o f  0129, they decarboxylate l y s i n e  and o rn ith in e  
but do not possess arginine dihydrolase a c t i v i t y  they ferment mannose
I s s
TABLE 22 Comparison of  t he  p r o p e r t i e s  o f  Phenon D, EF6 (Huq ^  ^ , 1980a) 
and V. f l u v i a l  i s  (Lee,  e t  a j . J  981 )
CHARACTER Phenon D
EF6
(Huq e t  a l . ,1980a)
V. f l u v i a l i s  
(Lee e t  a l ,  1981
%+ %+
S t r i n g  r e a c t i o n + 84 . 2 NT NT
0129 s e n s i t i v i t y  150pg V 52.6 + 100 + 100
M o t i l i t y + 84 . 2 . + 100 t 98.3
Swarmi ng V 26.3 NT - 0
I ndo l e V 21.1 - 0 - 3 . 4
Glucose (gas ) - 0 - 0 • V 40.1
Lys ine d e c a r bo x y l a s e . 7 0 - 0 - 1.7
Ar g i n i n e  d i h y d r o l a s e + 100 t 100 + 98.3
O r n i t h i n e  de c a r b o x y l a s e - ' 5.3 — 0 0
E n t e r i t i s  in  r a b b i t s V 42.1 NT NT
Kanagawa r e a c t i o n V 52.6 V 72 NT
Oxidase + 100 + 100 + 100
Growth in  0% NaCl V 47.4 V 73 V 52.5
Growth in  7% NaCl + 84 . 2 + 100 + 96.6
Growth in 9% NaCl V 52.6 - 0 - 8 . 5
Growth a t  42°C + 100 NT ** ■ 8 . 5
Sucrose  ( a c i d ) + , 94.7 + 100 NT
Mannose ( ac i d ) + 100 + TOO NT
A r a b i n o s e . ( ac i d ) + 89 . 5 + 100 NT
Mannit o i  ( a c i d ) + 94/7 + 100 NT
Methyl Red ■ + 84 . 2 + 90 + 98.3
Voges-Proskauer - 10.5 - 0 - 0
H^S p r o d u c t i on - 10.5 - 0 . NT
Growth in  KCN V 31.6 - 0 NT
Amylase + 100 NT V 66.1
No. o f  S t r a i n s 19 184 59
Notes :
Tes t  r e a c t i o n
+, more than 80% of s t r a in s  tes ted  were pos i t ive
- ,  more than 80% of s t r a in s  tes ted  were negative
V, between 21 to  79% of s t r a i n s  te s ted  were po s i t iv e
NT = not t e s t e d
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and i n v a r i a b l y  a r a b in o se  but  not  su c ro se  and they  f a i l  to  produce 
acetoin from glucose. All strains f a i l  to grow in  0% or 10% NaCl and 
invariably grow between 15 and 42^0. Because of their in a b il ity  to  : 
grow in  media containing 10% sa lt;  ferment sucrose or produce acetoin; 
t h e s e  s t r a i n s  r e p r e s e n t  t h e  p a r a h a e r n o l v t i c a  b i o t y p e  o f  V. 
parahaemolvticus.
The 28 member strains of th is  phenon formed a compact cluster at a 
76% s im i l a r i t y  l eve l  and no subclusters were discerned. M l  i s o l a t e s  
were obtained from Bangladesh, the majority from diarrhoeal patients  
(78.6%) and the r e s t  from sewage samples. Most strains were resistant  
to  am p ic i l l in  (67.9%) and polymyxin B (82%), Bacteriologically , these 
strains behaved ty p ica l ly  although minor v a r i a t i o n  was noted. Some 
s tr a in s  f a i l e d  t o  f e rm e n t  a r a b in o s e  (67.9%), most swarmed on marine 
a g a r  (71.4%) and reduced n i t r i t e s  (60.7%); some h ydro lysed  a e s c u l i n  
(60.7%) and a few o x id i s e d  g lu c o n a te .  A rab in ose  n e g a t i v e  V. 
parahaemolvticus strains are uncommon and can be mistaken for  a NCV 
be long ing  t o  Heiberg group V. However a l l  a r a b in o s e  n egative  
pa rahae rno lv t ica  s tr a in s  were r e s i s t a n t  t o  lOug o f  0129 and th e  
majority (85.7%) fa iled  to  grow in media lacking NaCl.
Most s tr a in s  (85.7%) produced an e n t e r i t i s  in  ra b b its  ch a l l e n g e d  
w i th  whole cu ltu re s .  However no resp o n se  was o b ta in e d  when crude 
unconcentrated culture f i l t r a t e s  were used. Only 39% of stra ins were 
Kanagawa t e s t  p o s i t iv e .  Thus t h e  e n t e r i t i s  r e sp o n se  was no t  
correlated with the Kanagawa reaction  nor any o th e r  b a c t e r io lo g ic a l  
character.
1.2.1.2.7. Phenon F
Phenon F con ta in s  3 s tr a in s  and i s  formed a t  th e  70% s im i l a r i t y  
level .  This phenon l i k e  phenon G i s  separated from the o ther  Vibrio- 
l ik e  organisms a t  the 65% s im i l a r i t y  level .  These 3 s t r a i n s  are: Gram 
n egative , ox id ase  and n i t r a t e  p o s i t i v e ,  ferm en ta t iv e ,  rod shaped, 
mot i le  organisms which are string t e s t  positive , res istan t to  150ug of 
0129, they decarboxylate lys ine  but not o rn i th ine  and possess arg in ine  
dihydrolase. They ferment mannose, sorbitol and raffinose, grow in
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media lacking NaCl and between 10° and 42°C.
In their r e s i s tance  to  0129, decarboxylase and dihydrolase a c t i v i t y  
these s t r a i n s  resemble the aeromonads. They d i f f e r  from the aeromonad 
s t r a i n s  in phenon C by f a i l i n g  to  produce indole, fermenting s o rb i to l  
and ra f f inose ,  s e n s i t i v i t y  to  a m pic i l l in  and production of HgS. Apart 
f rom  t h e s e  d i f f e r e n c e s  t h e y  a p p e a r  as t y p i c a l  A^ . hvdrophila . 
A m p ic i l l i n  s e n s i t i v e  A. h v d ro p h i l a  are uncommon n e v e r th e le s s  t h i s  
s tudy has revealed  3 such s e n s i t i v e  s tr a in s .  The w idesp read  use  of 
Aeromonas s e l e c t i v e  media which i n c o r p o r a t e  a m p ic i l l in  should  
therefore be discouraged. Stra in  154 was id e n t i f i e d  as A. hvdrophila 
by th e  VRL.
1.2.1.2.8. Phenon G
The two s t r a i n s  which com pr ise  t h i s  phenon a re  d is t in g u ish e d  by 
t h e i r  non ferm en ta t iv e  metabolism. Both s tr a in s  d eco lo u r ise  pH 
i n d i c a t o r s  and t h i s  a c t i v i t y  i n i t i a l l y  was m is tak en  f o r  a weak 
ferm entation  r e a c t i o n  hence t h e i r  i n c l u s i o n .  The two s tr a in s  are :  
Gram n eg a t iv e ,  ox id ase  and n i t r a t e  p o s i t i v e ,  o x i d a t i v e ,  rod shaped, 
moti le  organisms which are s t r in g  t e s t  positive  and res is ta n t  to  150ug 
of  0129. They grow between 10 and 45°C and in  media l a c k in g  NaCl. 
Both s t r a in s  conform to  the description of the Pseudomonadaceae
S t r a i n  121 was i s o l a t e d  from a f i s h  in  Bangladesh. I t  f a i l s  to  
grow on TCBS but grows on Monsurs medium. Unlike the  other phenon 
member ( s t r a i n  115), s tr a in  121 d e c a r b o x y la t e s  o r n ith in e .  The 
possession of an oxidat ive  metabolism, an ornithine decarboxylase and 
oxidase  a c t i v i t y  i d e n t i f i e s  t h i s  Gram n e g a t iv e ,  m o t i l e ,  rod shaped 
organism as Alteromonas putrefaciens. Confirmation of  i t s  id e n t i ty  
was obtained from the VRL.
S t ra in  115 was iso lated  from a Bangladeshi p a t i en t  with diarrhoea. 
This s t r a i n  i s  non pigmented and non fluorescent on King’s A+B media. 
I t  i s  t e n t a t i v e l y  i d e n t i f i e d  as Pseudomonas s t u t z e r i .
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1.2.1.2.9 Phenon H E. c o l i
The two s t r a in s  which comprise t h i s  phenon are charac te r ised  on 
t h e i r  negative oxidase react ions .
Both s tr a in s  are :Gram n eg a t iv e ,  oxidase n eg a tiv e ,  n i t r a t e  
positive , fermentat ive,  rod shaped, motile  organisms which are string  
t e s t  negative; res istan t  to  150ng of 0129, they decarboxylate lysine and
orn i th ine  but lack arginine dihydrolase. They are aerogenic, produce 
indole  give a p os i t ive  methyl red reac t ion  and ferment a number of 
sugars including lac to se  a t  37® and 44.5®C. These stra ins the re fore  
corresponded to  the description of ^  c o l i .
Thus in the comparison of 195 strains over the 121 b ac te r io lo g ic a l  
t e s t s  and the subsequen t  c l u s t e r i n g  of  th e s e  s tr a in s  by t h e  Group 
Average s tr a te g y  d i s t i n c t i v e  phenons were formed. The dendrogram 
reflected  the  inherent s im i l a r i t y  between phenons as a l l  s t r a i n s  of 
th e  V ib r ionaceae  c l u s t e r e d  as a s i n g l e  group a t  t h e  68% s im i la r i t y  
l e v e l .  The p r o p e r t i e s  of  many of  th e  phenons corresponded t o  
descr ip t ion  of species and where appropriate t h i s  has been indicated. 
Nevertheless c lu s te r in g  s t r a t e g i e s  exer t  different influences upon the 
d a t a  m atrix. The s ig n i f ic a n c e  of  th ese  in f lu e n c e s  can only be 
e v a lu a t e d  by examination of  dendrograms produced by d i f f e r e n t  
s t r a t e g i e s .  S t a b i l i t y  of  phenons, i r r e s p e c t i v e  of  t h e  method of 
analysis, r e f l e c t  t h e i r  r ea l  nature. Thus using the same data matrix 
a number of c lu s te r in g  runs were done and the resu lts  w i l l  be reported 
upon now.
1.2 .1 .3  The s e c o n d  c l u s t e r i n g  run  e m p lo y in g  a d i s s i m i l a r i t y  
c o e f f i c i e n t  and the Group Average s t ra tegy  on the recoded characters
The bacterio logical charac ters  summarised in  Table were coded for  
computer  purposes 1 i f  p o s i t iv e  and 0 i f  n e g a t iv e .  This  method of  
c h a r a c t e r  cod ing  can be in ter p r e ted  t o  g iv e  e x t r a  importance  t o  
c e r ta in  characters. For instance scoring growth in sodium cliloride on 
th e  b a s i s  o f  t h e  i n d i v i d u a l  s a l t  c o n c e n t r a t i o n s  t e s t e d  (0 ,1 ,5 ,6 ,7 ,9
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and 10%) g i v e s  f o r  computer  purposes  a 7 fo ld  w eig h t in g .  This  i s  
because a s t r a i n  which grows in 0 and 10% NaCl would also grow in the 
s a l t  concentration between these two leve ls .  S im ila r ly  s e n s i t i v i t y  to 
10 and 150ug of 0129, temperature range of growth and c e l l  dimension 
were a lso  given  a 2,4 and 5 fo ld  w eighting  r e s p e c t i v e l y .  I t  was 
therefore  considered necessary t o  e v a l u a t e  t h i s  coding w eighting  by 
re ru n n in g  th e  CL U ST AN program w i th  the  weighted charac ters  recoded. 
Thus the seven sa lt  characters s t a t e s  were reduced to  j u s t  2 states:  
maximum and minimum s a l t  con cen tra tion s  tolerated. S e n s i t iv i ty  to  
0129 was sco red  over th e  range  0 to  1 ; s e n s i t i v i t y  to  only 150ug was 
scored 0.5 and resistance to 150ug was scored 0. Cell  dimension was 
also scored over the range 0 to  0.6: c e l l s  were described as shor t  and 
t h i n  (0.5 -  1.0 x >70.5um); s h o r t  and f a t  (0.5 -  1.0 x 0.2 -0 .5 urn); 
medium and thin  (1.0 -  2.0 x >0,5 urn); medium and f a t  (1.0 -  2.0 X 0.2
-  0.5um); long and t h i n  (>2ura x >0.5urn) and long and f a t  (> 2um x 0.2
-  0.5um) and scored 0 .1 , 0.2,  0.3, 0.4, 0.5, and 0.6 r e s p e c t i v e l y .  
Temperature range of growth  was scored  a t  th e  minimum (10°C) and 
maximum (42®C) temperatures  tested.
The resulting data matrix consisted of 104 q u a l i t a t i v e  (presence or 
absence)  c h a r a c t e r s  and 4 q u a n t i t a t i v e  c h a r a c t e r s  ( c e l l  dimension; 
0129 s e n s i t i v i t y ;  and minimum and maximum s a l t  c o n c e n t r a t i o n ) .  To 
f a c i l i t a t e  a d ir e c t  comparison w ith  th e  f i r s t  c l u s t e r  a n a ly s is  the  
square Euclidean d is ta n ce  c o e f f i c i e n t  was used t o  c a lc u la te  the  
d i s s i m i l a r i t y  between s t r a i n s .  The d i s s i m i l a r i t y  v a lu es  were 
c l u s t e r e d  by Group Average a n a ly s is  and the resultant dendrogram i s  
given in Fig.  16.
I n s p e c t i o n  o f  th e  dendrogram r e v e a l s  t h a t  in  g e n e r a l  th e  phenons 
are id en t ic a l  to  those produced during the f i r s t  c lu s te r in g  run. One 
s t r a i n  (173) was misplaced in the f l u v i a l i s  phenon. Stra in  173 i s  
0129 resistant, produces indole and arginine dihydrolase but does not 
decarboxylate o rn i th ine  or lysine ,  i s  res istan t to  am pic i l l in ,  grows 
in  media l a c k in g  NaCl b u t  i s  unable t o  t o l e r a t e  5% NaCl, i s  non 
h a e m o ly t ic  on goats  blood agar  and f e rm e n t s  su c ro se ,  mannose and 
arabinose. Routinely t h i s  organism, because  o f  i t s  r e s i s t a n c e  to  
0129, and am picillin , indole production and growth in 0% NaCl, would
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be i d e n t i f i e d  as  A. h v d ro p h i l a  and n o t  V. f l u v i a l i s . Presumably i t s  
fermentative act ion  on sucrose, mannose and arabinose and the l e s se r  
im por tance  of  0129 r e s is ta n c e  and s a l t  t o l e r a n c e  acco u n ts  f o r  i t s  
placement in the f l u v i a l i s  phenon.
Surpris ingly  stra ins of phenon B1 and B2 are placed in the main V. 
c h o le r a e  c lu s t e r .  Once ag a in  t h i s  i s  presumably  due to  th e  l e s s e r  
importance of 0129 resistance and s a l t  tolerance. Tliese s t r a in s  are 
c lea r ly  d i f f e r e n t  from the V. cholerae cluster and deservedly warrant 
t h e ir  own phenon s ta tu s .  At th e  76% s i m i l a r i t y  phenon B1 s tr a in  
separate to  form a sm a l l  c lu s t e r  b u t  phenon B2 s t r a in s  remain 
associated with the V. cholerae group. The two strains which comprise 
phenon B2 are r e s i s t a n t  t o  lOug o f  0129? r e q u i r e  NaCl f o r  growth,  
ferment in o s ito l  and sorbito l and f a i l  to  reduce n itrates  -  properties 
inconsistent with the Vj_ cholerae cluster. I t  i s  of i n t e r e s t  to  note 
t h a t  s t r a i n  111, previously grouped within the V. cholerae c lu s t e r  in 
b io ty p e  5? in t h i s  a n a ly s is  i s  l inked  t o  phenon B2 s tr a in s .  S t r a i n  
111 i s  n u t r i t io n a l ly  more a c t iv e  than the other NCVs but nevertheless  
conforms to  the standard defin ition  of  ^  cholerae. For t h i s  reason 
s tr a in  111 i s  reta in ed  w ith in  V. cholerae  u n t i l  more s t r a i n s  a r e  
available for  cha rac te r isa t ion .
The remaining phenons were id e n t ic a l  to  t h o se  produced by th e  
c lu s t e r  a n a ly s is  on the  195 s tr a in s  compared over  121 t e s t s .  The 
d i f f e r e n t i a l  p ro p er t ie s  of  these  phenons a r e  t h e r e f o r e  th e  same as 
those described in Table 19.
1.2.1.4. The t h i r d  c l u s t e r i n g  run employing the Jaccard c o e f f i c i e n t  
and the Group Average strategy
In the f i r s t  and second clustering runs the d i s s i m i l a r i t y  between 
s t r a i n s  was c a l c u l a t e d  u s i n g  t h e  S q u a re  E u c l i d e a n  d i s t a n c e  
coe f f ic ien t .  This c o e f f ic ie n t ,  l ik e  the Simple Matching Coeff ic ien t ,  
compares  s tr a in s  over n e g a t iv e  as  w e l l  as p o s i t iv e  matches. The 
inclusion of negative matches in an analysis can th eoretica lly  produce 
c l u s t e r s  on the  b a s is  of n e g a t iv e  c h a r a c t e r i s t i c s .  To determ ine  
whether such c lu s t e r s  were being produced t h e  Jaccard c o e f f i c i e n t .
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which excludes negative matches, was used in the  th i rd  computer run. 
Both the complete data matrix  and the recoded data matrix  was used in 
the analysis .  Since dendrograms produced from these two matr ices  were 
identical only the dendrogram produced by Group Average a n a ly s is  on 
the complete data matrix i s  presented.
The dendrogram produced by Group Average a n a ly s is  using the  
s im ilar ity  co ef f icen ts  calculated from the Jaccard equation i s  given 
in  Fig 17. V isual i n s p e c t i o n  o f  th e  dendrogram r e v e a l e d  t h a t  
essen t ia lly  the same phenons were reproduced. In t h i s  analysis strain  
111 once ag a in  i s  l i n k e d  to  phenon B2. I t  would appear t h a t  s tr a in  
111 in  m ultid im ensional space f a l l s  ou ts id e  t h e  main c l u s t e r  of  V. 
cholerae strains and l i e s  in an intermediate posi t ion  between phenon 
B2 and t h e  jL. c h o le r a e  c l u s t e r .  Presumably t h e  many n egative  
a t t r i b u t e s  i t  shares with other NCVs accounts for  i t s  retention in the 
V. cholerae phenon when the c o e f f ic ien t  which include negat ive matches 
i s  used to calculate s im ila r i t ie s  between strains.
Surpris ingly  strain 186 and 120, previously at tached to  phenons A, 
B1 and B2, were in  t h i s  a n a ly s is  a s s o c i a t e d  w i th  o t h e r  V ibrio- l i k e  
organ isms  a t  a low l e v e l  of  s im i la r i t y .  They were p laced  n e a r e s t  
phenon F and th e  E. c o l i  s tr a in s .  Thus both t h e se  s tr a in s  p ossessed  
few po s i t iv e  characters sim ilar to the vibrios and t h e i r  s im ilar ity  
appears to be based on negative c h a r a c t e r i s t i c s .  The 9 V*_ cholerae 01 
s tr a in s  once again formed a compact c lu s t e r  sep aratin g  only in to  
t o x i g e n i c  and n ontox igen ic  v a r i e t i e s .  Thus th e  01 biotype of  V. 
cholerae i s  formed on posit ive  c h a ra c te r i s t i c s .
Since there  were no gross d i f f e r e n c e s  in  phenon s t r u c t u r e  t h e i r  
d i f f e r e n t i a l  b a c t e r i o l o g i c a l  p r o p e r t i e s  a r e  th e  same as th o se  
described in Table 19.
1.2.1.5. The fourth clustering run employing the Pat tern  c o e f f i c i e n t  
and the Group Average strategy.
In th e  previous t h r e e  c lu s te r in g  runs th e  e f f e c t  of character  
coding and cho ice  of  s im i l a r i t y  c o e f f i c i e n t  was examined. Most
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s i m i l a r i t y  c o e f f i c i e n t s  determine the s im i l a r i t y  between two s t r a in s  
on the bas is  of the number of pos i t ive  t e s t s .  The grea te r  the number 
of po s i t iv e  t e s t s  the g rea te r  the s im i l a r i t y  between s t r a in s .  I t  i s  
important to r e a l i s e  t h a t  i t  may not be the same b ac te r io log ica l  t e s t s  
which are p os i t ive  between s im i la r  s t r a in s .  Tnis i s  e spec ia l ly  true 
f o r  s tr a in s  shown to  be only 60-70% s im i la r .  Undoubtedly a s  the  
s im ila r ity  between strains increases there  i s  a g rea te r  l ike l ihood  of 
concordance between i n d i v i d u a l  t e s t s .  N e v e r th e le s s  a t  the  lower  
s i m i l a r i t y  l e v e l s  2 s tr a in s  may have a s i m i l a r  number of  p o s i t iv e  
t e s t s  but there  may be complete discordance between individual  t e s t  
r e s u l t s .  The Pattern C o e f f i c i e n t  c a l c u l a t e s  s im i la r i t y  between 
s t r a i n s  on the  b a s i s  of  the  pattern  of t e s t  r e s u l t s .  In  th e  f o u r t h  
c l u s t e r i n g  run t h e  pattern  c o e f f i c i e n t  was used to  c a lc u la te  th e  
s i m i l a r i t y  between s tr a in s  and th e  r e s u l t s  were p l o t t e d  as  a 
dendrogram us ing  the Group Average s t r a t e g y .  The d a ta  m a t r ix  was 
ed i ted  to  exclude a r b i t r a r y  charac ters :  an tib io t ic  se n s it iv ity  r e s u l t s  
(9 characters); c e l l  dimension (5 characters)  and source of strains (1 
character). The f i n a l  data  matrix  for  the pattern difference analysis  
consisted of 106 q u a l i t a t i v e  binary characters .
The dendrogram produced by th e  Group Average a n a l y s i s  u s ing  
s im i l a r i t y  c o e f f i c i e n t s  c a lc u la te d  from t h e  pattern  d if fe r e n c e  
e q u a t io n  i s  g iven  in  Fig 18. Once ag a in  t h e r e  i s  good concordance 
between the phenons produced by the different techniques.
Minor v a r i a t i o n  d id  occur between t h e  ^  h v d ro p h i l a  and V. 
f l u v i a l i s  phenons. S t r a i n  194, which i s  a r e f e r e n c e  c u ltu re  of V. 
f l u v i a l i s . i s  grouped with the aeromonad c lu s te r .  In contrast strain  
173, p r e v i o u s l y  c l u s t e r i n g  w i th  the  aeromonad s tr a in s ,  i s  p laced  in  
the f l u v i a l i s  c lu s te r .  Hie lack of d ifferen t ia l  characters between 
aeromonads and f l u v i a l i s  probably accounts for  the misplacement of 
the two s t r a i n s  in t h i s  analys is .  The characters which d is t in g u ish  V. 
f l u v i a l i s  from aeromonads include s e n s i t i v i t y  t o  150ug of  0129 and 
fermentation of sucrose, mannose and arabinose. V ariation  in t h e s e  
d i f f e r e n t i a l  te s ts  can lead to m isidentification .
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1.2.1.6. Designation of  working type s t r a i n
For each phenon the s tr a in  w ith  the h ig h e s t  mean resem blances to  
a l l  other s t r a in s  of t h a t  c l u s t e r  was chosen as the working type 
s tr a in .  Such s t r a i n s  represented  an a c t u a l  cu ltu re  and n o t  a 
hypothetical organism corresponding to  a point in phenetic space whose 
coordinates were the mean value of each character over a given cluster  
of s tr a in s .  Since by d e f in i t io n  each working type s tr a in  possessed  
the general properties of the appropriate species group these strains  
represent useful reference strains fo r  future studies.
The d ifferen t ia l  properties of the various species represented by 
the working strains within the genera Vibrio and Aeromonas i s  given in 
Table  23. Each working type  s tr a in  was separated from other type 
strains on a number of bacteriological te s ts .  The working type strain  
o f  ^  ch o lerae  c lu s t e r  was s tr a in  6 a non 01 ch o lerae  which 
fermented sucrose but not mannose, produced e n te r i t is  in rabbits but 
f a i l e d  to  e l a b o r a t e  a CT-like tox in . S t r a i n  6 was i s o la t e d  from a 
p a t i e n t  w ith diarrhoea. S t r a i n  6, 181, 5,54 and 111 rep resen t th e  
working type s tr a in s  of  b io ty p e  1 , 2 , 3 / ' , and 5 of V. cholerae  (see  
page 172) respectively. Information pertaining to  the iso la t ion  source 
of the other working type strains i f  given in Appendix 1.
I t  should also be noted that the working type strains possessed a 
d i s t i n c t i v e  com position. The exception  was s tr a in  120, the  
u n id en t i f i ab le  Vibr io- l ik e  organism, which possessed an id en tica l % GC 
content as V metschnikovii. There were clear differences between the 
base compositions of V&, cholerae. A. hvdrophila. V. parahaemolvticus 
and VjL. f l u v i a l i s  thus supporting t h e  phenetic  sep aration  o f  these  
groups. More detailed resu lts  on the base composition of these strains  
w i l l  be presented la ter .
1.2.1.7. Pr incipal  components a n a l y s i s
In the production of the two dimensional dendrogram there has been 
of necess i ty  a considerable lo s s  of information. This lo s s  would have 
been a v o id ed  i f  t h e  d a t a  was exam ined i n  a sp a ce  o f  s e v e r a l
2 0 0
TABLE . B a c t e r i o l o g i c a l  p r o p e r t i e s  of  t h e  working type  s t r a i n s  of  t he  
main dendrogram d e f in e d  groups .
CHARACTER . "
5 189
Computer 
146 60
r e f e r e n c e  number 
17, 28 74 120 186
S t r i n g  r e a c t i o n  - + . + + + + ■ -, + + ■. +
0129 s e n s i t i v i t y  lOyg . + + - - - ■ - + +
0129 s e n s i t i v i t y  1SOpg + + + - + + t +
Indole + ■ - ■ + + - - - , - + +
Lysine dec a r b o x y l a s e + + , + - - + + - -
A r g i n i n e  d i h y d r o l a s e - + ■ - . + + - + - -
O r n i t h i n e  de c a r b o x y l a s e + 4- + f
Ampicid1 in  r e s i s t a n c e - ■ - - + - + - - -
So l ub l e  haemolys in + - + + - - - -
Polymyxin B r e s i s t a n c e + ■ - + + + - + +
E n t e r i t i s  in r a b b i t s + - - - + + - ■
Mouse l e t h a l i t y  (whole c u l t u r e ) + - - + + t + - -
Kanagawa r e a c t i o n - - + - + - + -
- A c e t a t e  u t i l i s a t i o n - + + + + + + -
Oxidase + - + + + + + + +
Growt h . in  0% NaCl + - - + - - + - -
Growth in 7% NaCl - + + + . + - + + +
Growth a t  10°C - + - + + + + - +
Arab inose  ( ac i d ) - - - - + + - + -
G a l a c t o s e  ( a c i d ) + + + - • + ■ + - + +
S o r b i t o l  ( a c i d ) - + - - - + - +
Sucrose  ( a c i d ) + + + + + - - + +
C e l l o b i o s e  ( a c i d ) - - + - - + + +
Glycero l  ( a c i d ) + + + - ■ + , , - - - +
N i t r a t e  r e d u c t a s e ■+ - - +■ + + • + - +
A e s cu l i n  h y d r o l y s i s - - . + + + + - + -
Gluconate  o x i d a t i o n + ■ ■+ + - - . + - •+
Amylase - - — + + - ■ - +
Growth in 10% b i l e ■ - + + - ■ + + - + -
Tyros ine  h y d r o l y s i s + + - + + + + - t
. Growth on b r i l l i a n t  g r een  
( 1 2 . 5 y g / m l )
+ + + + . + i
%GC c o n t e n t 47 . 0  44 . 5 43.4 58.2 50.5 45. 5 63.8 44. 5 47.6
Notes:
6 -  
145 - 
17 -
V. c h o l e r a e  non 01; 189 - V.j n e t s c h n i k o v i i
u n i d e n t i f i e d  v i b r i o  s t r a i n ;
V. f l u v i a l i s
74 - a t y p i c a l  aeromonad 
186 - V al  bens i s
80 - A. h y d r op h i 1 a 
28 - V. paraTiaemolyt i cus 
120 - v i b r i o  s t r a i n  u n f d e n t i f i e d
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dim ensions .  However c o n c e p t i o n a l l y  i t  i s  d i f f i c u l t  t o  v i s u a l i s e  
re la t io n sh ip s  beyond three dimensions. Thus methods which condense 
m u l t i d im e n s io n a l  r e l a t i o n s h i p s  among s t r a i n s  t o  two or t h r e e  
dimensions provides ye t  another c l a s s i f i c a t i o n  procedure .  P r i n c i p a l  
components analysis (PCA) i s  an ordination method which s e le c ts  axes 
(eigenvectors) within the multidimensional space in such a manner that 
t h e  p ro jec t io n  of  s t r a i n s  onto  th e  s e le c te d  eigenvector displays  
th e ir  r e la t io n s h ip .  The number of  e igen va lu es  and a s s o c i a t e d  
e ig en v ec to rs  s e le c te d  by PCA corresponds t o  the o r ig in a l  number of 
t e s t s .  However i t  i s  hoped that the f i r s t  t h r e e  e ig e n v e c to r s  w i l l  
account  for  a l a r g e  amount of the  t o t a l  v a r ia t io n  o f  th e  d a ta .  The 
application of PCA to the data  matrix  used in the f i r s t  clustering run 
(Page 166) now follows.
In the p r inc ipa l  component computation based on 121 variables the 
ca lcu la ted  eigenvalues 1,2 and 3 accounted respectively  fo r  11.6, 5.8, 
and 3.8f) o f  the t o t a l  v a r ia t io n  of  th e  t e s t s .  The a s s o c i a t e d  
eigenvectors  1,2 and 3 were used in pa i r s  as axes for  plotting the 195 
strains; the  p lo t  using eigenvectors 1 and 2 as axes produced the most 
c lea r  c u t  separation  of  s tr a in s  (F igs  19 & 20).  This p l o t  c o n ta in e d  
17.4% of the  t o ta l  t e s t  v a r ia t io n .  Examinat ion of  th e  d isp ers io n  
influence of t e s t s ,  which i s  i l lu stra ted  in Fig 21, showed th a t  strains  
which were s e n s i t i v e  to  lOug and 150ug o f  0129, produced i n d o le ,  
haemolysin, lys ine  and ornithine decarboxylase, were moti le ,  gave a 
po s i t iv e  s t r in g  t e s t  and grew in media lacking in  NaCl were displaced  
towards th e  more n e g a t iv e  v a lu es  along e i g e n v e c to r  1. In c o n t r a s t  
s tr a in s  which u t i l i s e d  as  s o l e  carbon compounds g lu tam ic  acid ,  
acetate, gluconate,  arabinose, mannose, serine and s a l i c in ,  fermented 
a r a b in o s e  and were r e s i s t a n t  t o  cephalosporin  and a m p i c i l l i n  were 
d i s p l a c e d  towards th e  more p o s i t i v e  v a l u e s  a long e ig en v ecto r  1. 
S im ila r ly ,  strains which produced arginine  dihydrolase and gas from 
glucose, fermented so rb i to l ,  rhamnose, sucrose, lac tose ,  d u lc ito l  and 
r a f f in o s e ,  were d i s p l a c e d  towards t h e  more p o s i t i v e  v a l u e s  a long 
e ig e n v e c to r  2. S t r a i n s  which were s e n s i t iv e  t o  150ug o f  0129, 
decarboxylated ly sin e  and orn i th ine ,  produced oxidase and phosphatase, 
reduced n i t r a t e s ,  were res istan t  to polymyxin B and swarmed on marine 
agar were displaced towards and more negative values along eigenvector
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FIG. 21 D i s p e r s i o n  i n f l u e n c e  o f  t he  c h a r a c t e r i s a t i o n  t e s t s  
, s e l e c t e d  by t he  P r i n c i p a l  component a n a l y s i s .
L
S e n s i t i v i t y  to 10pg 0129 
S e n s i t i v i t y  t o  ISOyg 0129 
S o l u b l e  haemolys in + 
Growth in 0% NaCl 
S t r i n g  t e s t  p o s i t i v e  
Mot i l e
Indo l e  p r oduc t i on  
Lysine dec a r b o x y l a s e  
O r n i t h i ne d ec a r bo x y l a s e
U t i l i s a t i o n  of :  
g l u t ami c  ac id  
a c e t a t e  . 
g l u c on a t e  
a r a b i n o s e  
mannose 
s e r i n e  
s a l a c i n  
Acid from a r a b i n o s e  
R e s i s t a n c e  to:  
c e p h a l o s p o r i n  
a m p i c i l l i n
E I G E N  y E C T O  R 
Negat ive  I n f l u e n c e P o s i t i v e  I n f l u e n c e
Posi  t i v e  
i n f l u e n c e
Negat ive
i n f l u e n c e
A r g in in e  d e h y d r o l a s e
Acid from: 
s o r b i t o l  
rhamnose 
s uc r os e  
l a c t o s e  
d u l c i t o l  
r a f f i n o s e  
Gas p r o d u c t i on  from g l uc ose
S e n s i t i v i t y  to  150pg o f  0129 
O r n i t h i n e  dec a r bo x y l a s e  
Lys ine  dec a r b o x y l a s e  
N i t r a t e  r e d u c t i o n  
Oxidase  p roduc t i on  
Phospha t ase  p r oduc t i on  
Swarming
R e s i s t a n c e  t o  polymyxin B
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2. S t r a i n s  e x h i b i t i n g  p r o p e r t i e s  a s so c ia t e d  with both the negative 
and po s i t iv e  regions of the eigenvector were placed in in termediate  
p o s i t i o n s .  Thus i t  was expec ted  t h a t  th e  m a j o r i t y  of  V. c h o le r a e  
s t r a i n s  would be p laced  towards the  bottom l e f t ;  th e  m a j o r i t y  o f  V. 
p a ra h a e m o lv t i c u s  s tr a in s  towards th e  bottom r i g h t ;  t h e  m ajority  of 
aeromonads towards the top centre  and Ah. f lu v ia l i s  strains towards the 
top r i g h t  of the map. S t ra ins  having s p l i t  a f f in i t i e s  would be placed 
in intermediate positions between the groups they resembled.
Symbols were assigned  t o  in d iv id u a l s t r a in s  a cc o rd in g  t o  th e  
criterion  applied ear lier  (page 167). The s p a t i a l  relationship between 
i n d i v i d u a l  s t r a i n s  i s  c le a r ly  d e p ic t e d  in  the principal component's 
map. The V. cholerae group ( • ;  group 1) i s  reasonably w e l l  d e f in e d  
consis t ing  of a central swarm of strains with a few s t r a i n s  occupying 
remote positions. The 3 strains positioned towards the bottom centre 
of the map represent the nutritional variant (strain 111) and biotype 
4 strains (strains 54, 65). The parahaemolvticus c luster  (o; group 
2) i s  more d i f f u s e  but  n e v e r th e le ss  i s  homogeneous. S im ila r ly  V. 
f l u v i a l i s  ( □ ;  group 3) c l u s t e r s  as  a compact group w i th  a few more 
outlying strains. Surpris ingly ,  f lu v ia l i s  strain c lusters  in close  
proximity to  the aeromonad group. In contrast to  the other c lusters ,  
t h e  aeromonad c lu s t e r  ( ■ ;  group 4) i s  extrem ely  d i f f u s e  and no t  
e a s i l y  d i f f e r e n t ia t e d  from the  sm aller  phenons d e s c r ib e d  e a r l i e r .  
These smaller phenons (Ah. metschnikovii . B2; F; G and H) resemble the 
aeromonads in sugar fermentat ion reaction and for t h i s  reason they are 
posit ioned in close proximity to the aeromonads.
Thus the PCA reduced the v a r ia t io n  associated with the 121 te s t s  to  
fewer v a r i a b l e s .  The r e s u lt in g  p r i n c i p a l  component map, which was 
based on only 17.41 of the t e s t  variation, reproduced the main groups 
obtained by the cluster analys is  on the complete data matrix. I t  was 
no t  p o ss ib le  to  d i s c e r n  su b c lu s te r s  nor phenons composed o f  2 to  3 
s t r a i n s .  N e v e r th e le s s  PCA rem ains  a powerful taxonomic t o o l .  In 
a d d i t i o n ,  the  two approaches of  PCA and c lu s t e r  a n a ly s is  produced 
s im ila r  groups, confirm ing th at  the  groups were r e a l  ones and n o t  
merely artefacts  generated by the multivariate ana lys is  procedures.
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1.2,1.8. Correlation between b ac te r io log ica l  t e s t s
The v a l i d i t y  of th e  b a c t e r i o l o g i c a l  t e s t s  used t o  s e p a r a t e  th e  
dendrogram defined groups was sought by c a lc u la t in g  the c o r r e la t io n  
values between te s t s .  Tests which are of d ifferen t ia l  value, because 
they g ive  a mainly p o s i t iv e  r e a c t io n  f o r  one p a r t ic u la r  group and a 
neg a tiv e  one f o r  th e  other, should  show a h igh  degree  of  p o s i t iv e  
c o r r e la t io n  w i th  each other but a n e g a t iv e  c o r r e l a t i o n  w ith  th o se  
t e s t s  mainly p o s i t iv e  for the other group. Table 24 summarises the 
s ig n i f i c a n t l y  co rre la ted  t e s t s  which a re  apparently u s e f u l  in  th e  
separation  of  V ib r io - l i k e  organisms.  In t h i s  ta b le  s i g n i f i c a n t l y  
corre la ted  t e s t s  are scored 1 or 2 depending upon whether they are 
co rre la ted  a t  t h e  0.01 or 0.001 % l e v e l  r e s p e c t iv e ly  and a p lus  or  
minus sign i s  used to  s ign i fy  the nature of t h i s  correlation.
S e n s i t i v i t y  t o  10 ug of  0129 ( t e s t  3) was p o s i t i v e l y  c o r r e l a t e d  
w ith  s e n s i t i v i t y  t o  150 ug o f  0129 (as would be e xpec ted ) ,  i n d o le  
production, l y s in e  and o r n ith in e  d e c a rb o x y la se ,  production of  a 
soluble  haemolysin -  a l l  characters of cholerae and was negatively  
c o r r e l a t e d  w ith  a r g in in e  d ih y d r o la s e  a c t i v i t y ,  r e s is ta n c e  t o  
am picillin  and cephalothin, u t i l i s a t i o n  of  a c e ta te ,  s e r in e  g lu tam ic  
and mannose -  a l l  characters  of  A. h v d r o p h i l a . Arginine d ih yd ro lase  
a c t i v i t y  ( t e s t  7) was p o s i t i v e l y  co r r e la te d  w ith  r e s i s ta n c e  t o  
a m p ic i l l in  and c e p h a lo th in  and u t i l i s a t i o n  o f  a c e ta te ,  s e r in e ,  
g lu ta m ic  acid , mannose and sucrose  -  ch aracters  most freq u en tly  
observed in  s t r a in s  of A^  hvdrophila and AA. f lu v ia l i s . Cholera toxin 
production was p osit ive ly  co rre la ted  with agglutination in V. cholerae 
01 serum and se n s it iv ity  to  lOug of 0129. Thus stra ins which produced 
cholera t o x i n  in v a r ia b ly  were s e n s i t iv e  t o  lOug of  0129 and most 
a g g lu tin a ted  in  AA. cholerae  01 serum -  c h a r a c t e r i s t i c s  of  th e  V. 
cholerae phenon. E n t e r i t i s  p ro d u c t io n  in  r a b b i t s  was p o s i t i v e l y  
co r re la ted  with s e n s i t i v i t y  to  150ug of 0129 and ly s ine  and ornithine  
d eca rboxy lase .  These 3 c h a r a c t e r i s t i c s  most commonly occurred in  
stra ins of AA, cholerae and AA. parahaemolvticus.
Although not presented correlation values between t e s t s  were also  
c a l c u l a t e d  f o r  each dendrogram d e f in e d  phenon. For th e  V. ch o lerae
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phenon th e  a b i l i t y  to :  a g g l u t i n a t e  in  V. c h o le r a e  01 serum; produce 
e n t e r i t i s  in  r a b b i t s  or produce a c h o l e r a - l i k e  t o x i n  was not  
co r re la ted  to  any other  phenotypic tra it .  Thus none of the va r iab le  
characteristics  of the AL cholerae phenon was s ig n i f i c a n t ly  correlated 
w i t h  c h o l e r a - l i k e  t o x i n  p r o d u c t i o n ,  e n t e r i t i s  p r o d u c t io n  or 
a g g l u t i n a t i o n  in  cholera s p e c i f i c  serum. S i m i l a r l y  w ith in  t h e  V. 
p a ra h a e m o lv t i c u s  phenon th e  a b i l i t y  to  produce a Kanagawa type 
haem olys in  was not  c o r r e l a t e d  w ith  any other pheno typ ic  t r a i t  
in c lu d in g  e n t e r i t i s  p r o d u c t io n .  Thus e n te r o to x ig e n ic i ty  and 
enteropathogenic i ty was not  associa ted  with any other bacteriological  
t e s t  suggesting that pathogenicity has to  be te s ted  directly .
1.2.2. The taxonomic r e la t io n s h ip  of  i s o l a t e s  a s so c ia te d  w ith  
diarrhoeal disease.
The 195 V ibr io - l ike  organisms included in  the main taxonomic study 
were i s o la t e d  from a v a r ie ty  of sources (see  pages 317-322) but 62 
i s o l a t e s  were i s o l a t e d  from th e  s t o o l s  of  moderately to  se v e r e ly  
dehydrated p a t ie n ts  a ttend ing  the  Cholera Research Laboratory, 
Bangladesh. The method of p a t ie n t  se lec t ion  and Vibrio iso la t ion  i s  
described on page 103, methods f o r  th e  i s o l a t i o n  of o th e r  e n te r ic  
pathogens were described  by S p i ra  .et a l . ,  ( 1979). Although th e s e  
s t r a i n s  were f u l ly  characterised in  the main taxonomic study i t  was of 
i n t e r e s t  t o  d e te rm in e  th e  taxonomic r e la t io n s h ip  o f  th e  62 s tr a in s  
i s o la t e d  from diarrhoeal p a t ie n ts .  For comparison, the  d a ta  on 18 
referen ce  c u ltu r e s  were a lso  ana ly sed .  The f i n a l  d a ta  matrix  
consisted of  80 strains t e s ted  over 118 characterisation te s ts .  Three 
t e s t s  were excluded from th e  a n a ly s is  because they were e i th e r  
uniformly pos i t ive ,  viz. growth at 15°C and on Neutral Red (lOug/ml), 
or uniformly negative v iz . production of a heat stable toxin, for  a l l  
s t r a in s .
The squared Euclidean d ista n ce  c o e f f i c i e n t  was used to  c a lcu la te  
the d iss im ilar ity  between the 80 strains and the d iss im ila r ity  values  
were clustered by Group Average analysis. The r e s u l t a n t  dendrogram i s  
given in Fig 22. By drawing an arbitrary l i n e  across the dendrogram a t
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t h e  75% s i m i l a r i t y  l e v e l  5 phenons and 3 s i n g l e  s t r a i n s  were 
d i s c e rn e d .  The fo rm a t io n  of  t h e s e  5 phenons i s  r e p r e s e n t e d  by 
t r i a n g le s  the apices of which ind ica te  their leve l  of associa t ion  and 
i s  i l l u s t r a t e d  in Fig 23.
The main d i f f e r e n t i a l  charac ters  of the 5 phenons and 3 individual 
s t r a i n s  produced by th e  Group Average a n a l y s i s  i s  g iven  in  Table  25. 
V i s u a l  i n s p e c t i o n  o f  t h e  d e n d ro g ra m  and e x a m i n a t i o n  o f  t h e  
d i f f e r e n t i a l  t e s t s  r e v e a l  th at the  phenons a r e  i d e n t i c a l  to  th o se  
produced during the f i r s t  c lu s te r ing  run in which a l l  195 s t r a i n s  were 
included. Fresh c l i n i c a l  i s o l a t e s  separated in to  4 main phenons A, C, 
D and E r e p r e s e n t i n g  Vj_ c h o l e r a e  non 01; jL h v d r o D h i l a . V. 
p a ra h a e m o lv t i c u s  and V. f l u v i a l i s  r e s p e c t i v e l y .  Over the  sampling  
period of metschnikovii  (phenon B) was not i so la ted  from diarrhoea! 
p a t ie n t s .
The 40 member s t r a i n  of  phenon A formed a compact c l u s t e r  a t  t h e  
80% s im i l a r i t y  level .  S t ra in s  were charac ter ised  by their s e n s i t i v i t y  
to  lOug of  0129; they  possessed  l y s i n e  and o r n ith in e  d e c a rb o x y la se  
a c t i v i t y  bu t  no t  a r g i n i n e  d i h y d r o l a s e ,  they gave a p o s i t i v e  o x id a se  
reac t ion  and grew in media lacking MaCl. At the 82% s i m i l a r i t y  leve l  
i t  was possible to discern 3 subclusters : A1, A2 and A3 which contain 
18, 12 and 10 strains respec t ive ly .  Strains within subcluster A1 and 
A2 are distinguished from A3 by fa i l in g  to agglutinate in 01 serum and 
grow in g  in  media c o n t a in in g  5% NaCl. S t r a in s  w i t h in  A1 are  
d is t inguished  from A2 strains so le ly  on sucrose fermentation; positive  
for  A1 strains but negative for  A2 strains. Thus A3 strains represent 
th e  01 b io ty p e  o f  V. c h o le r a e  w h i l s t  A2 s tr a in s  rep resen t type  V of  
the Heiberg scheme. Strains were thus separated in to  biotypes s im i la r  
to those produced by the main taxonomic analysis.
Phenon C was composed of  5 s t r a i n s :  4 r e f e r e n c e  cu ltu r e s  and a 
fresh c l i n i c a l  i so la te .  S t ra ins  were characterised primarily by their  
r e s is ta n c e  t o  150ug of  0129 and p o s i t i v e  a r g i n i n e  d ih yd ro lase  
a c t i v i t y .  At th e  76% s i m i l a r i t y  l e v e l  s tr a in s  formed a compact 
c lu s t e r  which separated in to  2 su b c lu s te r s :  Cl and 02 a t  th e  77% 
leve l .  Each subcluster was represented by only a few strains.
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TABLE 25 Main d i f f e r e n t i a l  c h a r a c t e r s  of  the  5 phenons and 3 i n d i v i d u a l  
s t r a i n s  produced by GroUp Average A n a l y s i s  on t he  c l i n i c a l  
V i b r i o  i s o l a t e s
CHARACTER A B
PHENONS 
C D E
STRAINS 
186 115 174
S t r i n g  r e a c t i o n + + V V + +
0129 s e n s i t i v i t y  lOyg + + - - ■ - + - -  ■ ■ ■
0129 s e n s i t i v i t y  150pg '+ + 4 V + -
Indole ■ + V V V + +
Lysine d e c a r bo x y l a s e ■f : + V + - - +
Ar g i n i ne  d i h y d r o l a s e - + + . - + - - -
O r n i t h i n e  de c a r boxy l a s e + V - + - - - +
Polymyxin B r e s i s t a n c e V - + V + - -
E n t e r i t i s  in r a b b i t s + - V + V - - +
Mouse l e t h a l  a s s ay + - + + V - + +
U t i l i s a t i o n  of - - V V + - -
s e r i n e + V + + - + 4
g l u t ami c  ac i d - - V + V - - +
a r a b i n o s e +■ - + + + + 4- -
Oxidase + — V — ■ V + +
Growth in 0% NaCl . V + + - + + - —
Sucrose  ( ac i d )  
Brown pigment
V V V + +
No. o f  s t r a i n s 40 2 5 17 13 1. 1 1
Notes:
A -  V. c h o l e r ae  01 and non 01; B - V. m e t s c h n i k o v i i ; C - A. h y d r o p h i l a ; 
D - V. p a r a h a e m o l y t i c u s ; E - V. f l u v i a l i s ; S t r a i n  186 - V. a l b e n s i s ; 
S t r a i n  115 - Pseudomonas s t u t z e r i  and s t r a i n  174 - E. c o l i  
Tes t  r e a c t i o n :
+ more than 85% of  s t r a i n s  t e s t e d  were p o s i t i v e  
more than 85% of  s t r a i n s  t e s t e d  were n e g a t i ve  
V between 16 and 84% of  s t r a i n s  were p o s i t i v e
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Nevertheless i t  was i n t e re s t in g  to  note t h a t  the Cl group consis ted of 
a f r e s h  c l i n i c a l  i s o l a t e  and s o b r i a  r e f e r e n c e  c u l t u r e .  The C2 
group consis ted of 3 reference cu l tu re s  of hvdroohila However no 
individual  b ac te r io log ica l  t e s t s  d is t inguished these two subclus ters .
Phenon D consis ted of 17 s t r a i n s  which were characterised by th e i r  
r e s i s t a n c e  t o  10ug but  s e n s i t i v i t y  t o  150ug o f  0129, they possessed  
ly s ine  and o rn i th ine  decarboxylase a c t iv i t y ,  were unable to grow in 
media l a c k in g  NaCl and were unab le  t o  f e rm en t  su c ro se .  Although no 
r e f e r e n c e  cu ltu r e  c l u s t e r e d  in  t h i s  phenon t h e  s t r a i n s  t y p i f i e d  
descriptions of Parahaemolvticus. The 13 member s t r a i n s  of phenon 
E were ch a ra cter ised  by t h e i r  v a r ia b le  s e n s i t i v i t y  to  150ug o f  0129 
and a r g i n i n e  d i h y d r o l a s e  a c t i v i t y .  Two r e f e r e n c e  c u ltu r e s  of  V. 
f l u v i a l i s  c lu s te r e d  in  phenon E and t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  
t h i s  phenon corresponded to  description of f lu v ia l i s . Strain 115 
was i d e n t i f i e d  as  Pseudomonas s t u t z e r i  on account of i t s  oxidase  
a c t i v i t y  and oxidat ive  metabolism. S t ra in  174 exemplified co l i  in 
every respect: i t  was oxidase negative, indole posit ive  and fermented 
la c to se  a t  44°C with the production of acid and gas.
Thus a t  th e  Cholera  Research L a b o ra to ry  v ib r io s  o th e r  than  V. 
cholerae  01 were commonly a sso c ia te d  w ith  d iarrhoea! d ise a se .  
Diarrhoeagenic vibrios represented 4 species types: cholerae both
01 and non 01 serovars; IL p a r a h a e m o l v t i c u s : V. f l u v i a l i s  and A. 
h y d r o p h i l a . Each s p e c i e s  was ch a ra cter ised  on a com bina t ion  of  
b a c t e r io lo g ic a l  t e s t s .  The nex t  s e c t io n  d esc r ib e s  an attem pt t o  
develop  an i d e n t i f i c a t i o n  scheme based on a minimal  number of  
characters.
1.2.3 Numerical methods for  se lec t ing  d iscr im inatory  characters .
A data matrix incorporating  the  p r o p e r t ie s  of phenons defined  
during the f i r s t  computer run, where the d iss im ila r ity  values of 195 
s tr a in s  were c l u s t e r e d  by th e  Group Average a n a ly s is  s t r a t e g y ,  was 
p repared .  For each phenon th e  p e rcen tag e  f requency  w i th  which each 
character occurred among the member strains was recorded. The f in a l  
data m a t r ix  contained t h e  p e rce n ta g e  frequency with which each
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character  occurred among the 9 phenons and two indiv idual s t r a i n s  (120 
and 186). The program used to  s e l e c t  th e  most d i s c r i m i n a t o r y  
c h a r a c t e r s  w i t h i n  t h e  d a ta  m a t r ix  was w r i t t e n  by Dr. T.N. Bryant 
(Department of Microbiology, U n iv ers ity  of  Surrey) .  D i s c r i m i n a t o r y  
characters are  those which show d i f f e r e n t  charac ters  sta tes  for  two 
phenons. The B es t  Tes t  program c a lc u la te s  the  s e p a r a t i o n  value of 
each te s t  by computing the number of phenons giving a p osit ive  resu lt  
m u l t ip l ied  by the number negative (Gyllenberg, 1963 and Rypka ^  a l .. 
1967). The t e s t  which ach ieves  t h e  h i g h e s t  separation  value i s  t h e  
b e s t  t e s t .  The nex t  b e s t  t e s t  i s  th e  t e s t  w i th  the  n ex t  h i g h e s t  
separat ion value but the program incorporates instructions to exclude 
t e s t s  which separate  two phenons already distinguished by a t e s t  with 
a higher separation value. This process of ca lcu la t ing  the  next bes t  
t e s t  i s  repeated u n t i l  each phenon i s  separated by a specified  number 
of t e s t s .
In the f i r s t  run of t h e  Bes t  T e s t  program th e  computer was 
in s tr u c te d  to  separate a l l  phenons from each other by 1 t e s t .  The 
following 6 t e s t s  ordered by their c o l l e c t iv e  separa t ion a b i l i t y  were 
selected :
Tests Separation value
Sucrose (acid) -  2780
S en sit iv ity  to lOug of 0129 -  1470
Sorb i to l  (acid) -  693
Oxidation of gluconate -  238
Polymyxin B resistance ~ 121
Indole production -  78
A diagnostic scheme constructed on the bas is  of the 6 bes t  t e s t s  is. 
i l lu s tra ted  in Fig 24. Using the average resu lts  of each phenon these 
6 t e s t s  c l e a r l y  separated each taxonomic group. Such a d ia g n o s t ic  
scheme r e q u i r e s  constant characters; however t h i s  i s  n o rm a l ly  only  
found at high taxonomic le v e ls  (genera). Thus an aberrant resu lt  in a 
s i n g l e  c h a r a c t e r  can lead  t o  m is id e n t i f ic a t io n .  For instance using 
the  d i a g n o s t i c  scheme a V. c h o le r a e  non 01 s tr a in  of  Heiberg type  V
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would be i d e n t i f i e d  as V. parahaemolvticus on account of i t s  i n a b i l i t y  
to  ferment sucrose. S imilar ly  a sucrose negative A. hvdrophila s t r a i n  
would be id en tif ied  , depending on sorbitol fermentation, as either a
V. parahaemolvticus or a phenon F strain.
In an a t t e m p t  to  improve upon th e  id e n t i f i c a t i o n  of s t r a in s  t h e  
Bes t  T es t  program was re ru n  us ing  th e  f a c i l i t y  f o r  s e p a r a t i n g  a l l  
phenons from each other by 3 t e s t s .  A s e t  of 33 t e s t s  was selected by 
the  computer .  However, the  s e l e c t e d  s e t  f a i l e d  to  d is t in g u is h  th e  
Aeromonas phenon from the ]A_ f lu v ia l i s  phenon on 3 te s t  differences .  
The d i f f e r e n t i a l  p r o p e r t i e s  of  t h e s e  33 t e s t s  ranked according to  
t h e i r  separation  value f o r  th e  11 taxa  a r e  g iven  in  Table 26. The 
maximum possible separation value for  the 11 dendrogram defined group 
i s  3000 ( i e  6 p o s i t i v e  and 5 n e g a t iv e ) .  This  maximum v a lu e  was no t  
ob ta in ab le  in  p r a c t ise  because of th e  way in  which each t e s t  was 
sco red  f o r  c o m p u te r  in p u t .  The s c o r e  a s c r ib e d  to  each t e s t  
represented the frequency in which a p osit ive  r e s u l t  occurred among 
th e  members of  each phenon (see  Table  43 in Appendix 3). A p o s i t i v e  
t e s t  score  ranged from 0.85 to  0.99 w h i l s t  the range for  a n eg a tiv e  
t e s t  was from 0.00 to  0.15. Four t e s t s  su c ro se  (acid); s e n s i t i v i t y  
to  lOug of  0129; g lu ta m ic  a c id  u t i l i s a t i o n  and l y s i n e  d e c a rb o x y la se  
achieved a separation  va lu e  which was alm ost a maximum. Acid 
production from s u c ro s e  was th e  t e s t  w ith  t h e  h i g h e s t  sep aration  
v a lu e .  S e n s i t i v i t y  to  lOug of  0129 was t h e  nex t  ranked t e s t ;  t h i s  
t e s t  was p r in c ip a l ly  u se fu l  f o r  the  d i f f e r e n t ia t io n  of non 01 V. 
cholerae from parahaemolvticus.
The resu lt  of a clustering analysis using these 33 te s t s  to  compare 
th e  195 V ibrio  s tr a in s  i s  given in  Fig. 25. In t h i s  dendrogram 
d i s s i m i l a r i t y  values of s t r a in s  were clustered by the Group Average 
strategy. Symbols were assigned to s t r a i n s  according to the c r i t e r i o n  
outl ined ear lier  (page 176). Inspection of the dendrogram revealed t h a t  
with minor exceptions the composition of the phenons were s im i la r  to 
those produced during the f i r s t  c lu s te r in g  analysis. Clustered within  
the cholerae phenon were 2 parahaemolvticus strains (42 and 72) and 
the two phenon B2 strains (strains 146 amd 147). Attached to the  main 
stem of the cholerae cluster at the 64% s im ila r ity  l e v e l  were the
8 1 7
TABLE 26 D i s c r i m i n a t o r y  t e s t s  ranked a c c o r d i n g . t o  t h e i r  s e p a r a t i o n  
v a l ue  f o r  the  dendrogram de f i ne d  phenons
CHARACTERS A B1 B2
P
120
H E N 
186
0
c
N S
D E F G H
Sepa r a t i o i
va l ue
Sucrose  ( ac i d ) V + + 4- ,  4- V 4- 2780 .
S e n s i t i v i t y  to  lOpg o f  0129 + + . - 4" 4" 2754
Glutamic ac i d  u t i l i s a t i o n + - - — + 4- 4- 4- • 4" 4- 2732
Lysine d e ca r boxy l a s e 4- + + . - V 4- + - ■ 4- 2714
S o r b i t o l  ( a c i d ) - V - 4- V - - + 4- 1746
N i t r a t e  r e d u c t i on + . ■ - - - — 4" 4- + + 4" 4* 1289
Ar g i n i ne  d ihyd r Ol ase +, - - — ' 4- + - . V - - 1014
Indole + V 4- + 4- 4- V V - - 4" 792
Growth on 10%-b i l e V V V 4- - - V 4- Y - - 606
C i t r a t e  u t i l i s a t i o n V ' +- - 4- - . V 4- + .. V 4- 415
Growth a t  45°C + + 4- 4- 4- 4- V V - 4- 4- 309
S e n s i t i v i t y  to  15Qjg o f  0129 + + ■ 4- 4- 4- V 4- - - 150
Lysine u t i l i s a t i o n V “ - - - -■ - V V 4- V . 68
Arabinose  u t i l i s a t i o n - - 4- - V 4- 4- 4" V 4- 62
Growth in  7% NaCl • V V V 4- 4- V V . ,v 4- V - 62
Arabinose  ( a c i d ) — ' - 4- - V 4- V V - . 4" 57
Brown pigment . — V - - - V V Y 4" 4" - 57
Growth oh B r i l l i a n t  green V + 4* - - V + 4- 4- - 4- 56
Growth in  9% NaCl -  ■ - 4- - V V V - 52
U t i l i s a t i o n  o f  h i s t i d i n e V V ■f 4- -  - V 4- ,4- -■ 4- - 51
Growth in  6% NaCl V V. 4- 4" 4- V 4- 4- 4- V - 51
G a l ac t o s e  ( ac i d ) V + 4" 4- 4- V 4- 4- V V 51
Glycerol  ( a c i d ) V + 4- - 4- V V V - - 4- • 45
Aescu l i n  h y d r o l y s i s V - V 4- - V + V V - 43
Tryptophan u t i l i s a t i o n V - 4" - r- V V V + V 4- 41
Human a s s o c i a t e d V -  ' ■ - 4- V 4- V V V 4- 40
So l ub l e  haemolysin •f V . 4- . - - V - V - : - - 39
. S e r i n e  u t i l i s a t i o n ■ - - - - - V 4- V - V V 39
C e l l o b i o s e  ( ac i d ) - - 4- 4- V - V •V — - . 39
Voges Proskauer V V 4- 4- V - - - - 39
Kanagawa r e a c t i o n - - - 4- - V V V V - - , 36
A s p a r t i c  u t i l i s a t i o n - - - - - V V - - - 36
Growth in  0% NaCl + V - - V V V 4- 4- 36
No. of  s t r a i n s 116 3 2 1 1 18 19 28 3 2 2
Notes:
Test  reac t ion
more than 85% of  s t r a i n s  t e s t e d  were p o s i t i v e  
more t han  85% of  s t r a i n s  t e s t e d  were n e g a t i ve  
between 16 - 84% of  s t r a i n s  t e s t e d  were p o s i t i v e
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V. m e t sc h n ik o v i i  s t r a i n s  (116, 189 and 188), V. a l b e n s i s  (186) and 
s t r a i n  120. S u r p r i s i n g l y ,  the  two E. c o l i  s t r a i n s  c l u s t e r e d  w i t h i n  
the ^  hvdrophila phenon w hilst  phenon F s t r a i n s  (?4, 129 and 154) and 
the  two o x id a t iv e  organisms (115 and 121) l i n k e d  to  th e  h v d ro p h i la  
c l u s t e r  a t  th e  58S s i m i l a r i t y  l e v e l .  The i n t e g r i t y  of  th e  V. 
f l u v i a l i s  c lu s te r  remained a l though  a r e f e r e n c e  V. f l u v i a l i s  s t r a i n  
(194) was excluded from the f l u v i a l i s  -  parahaemolvticus complex 
at the 58/3 s im i l a r i t y  level .  The V. parahaemolvticus c lu s t e r  formed a 
homogeneous group apart from th e  two s t r a i n s  m isp laced  in  t h e  V. 
cholerae phenon. Thus u s ing  the  s e l e c t e d  33 t e s t s  s t r a i n s  were 
o b j e c t i v e l y  c lu s te r e d  i n t o  groups s i m i l a r  in  co m p o s i t io n  to  th o se  
based on 121 characterisation t e s t s .
The 33 t e s t s  se lec ted  by the Best Test program were chosen so le ly  
on the d iscr iminatory  power of the t e s t .  Such f a c to r s  as the ease of 
pe r fo rm ing  th e  t e s t  in  a routine  d ia g n o st ic  l a b o r a t o r y ,  t im e  and 
a v a i l a b i l i t y  of  t e s t  media were no t  co n s id e red .  Consequent ly  a 
b a t t e r y  of  11 t e s t s  was s u b j e c t i v e l y  s e l e c t e d  on th e  b a s i s  o f  both  
their d iscr iminatory  power and t h e i r  a p p l i c a b i l i t y  to  the diagnost ic  
l a b o r a t o r y .  Using th e s e  11 t e s t s  (Table 27) most phenons were 
separated from one another by a t  l e a s t  two t e s t s .  Some d i f f i c u l t y  in 
unequivocally separa t ing V^. f l u v i a l i s  strains from the aeromonads was 
encountered; comparing strains on a combination of charac ters  made i t  
p o s s i b l e  to  d i s c e r n  t h e s e  two phenons. Thus in  t h i s  s tudy  v i b r i o s  
which were s e n s i t i v e  t o  150ug d i s c  o f  0129 hydrolysed arg in in e  but  
f a i l e d  to  d e c a r b o x y la te  l y s i n e ,  produced a c i d i t y  in su c ro se  and 
arabinose were id e n t i f i e d  as f l u v i a l i s . In contrast strains which 
w ere r e s i s t a n t  t o  0129? h y d r o l y s e d  a r g in in e  and f r e q u e n t ly  
decarboxylated lys ine  and invar iab ly  produced a c id i ty  in sucrose were 
id e n t i f i e d  as aeromonads. This  b a t t e r y  of  t e s t s  was s u f f i c i e n t  f o r  
the id en tif ica tio n  of Vibrio- l i k e  organisms i so la te d  from diarrhoeal 
d i s e a s e  bu t  may require s l i g h t  m o d i f i c a t i o n  i f  applied  t o  the  
i d e n t i f i c a t i o n  of aquat ic  and marine v ibrios  e.g. ansuillarum.
1.3 The base  co m pos i t ion  of  s e l e c t e d  s t r a in s  rep resen tin g  t h e  main 
phenetic groups.
2 Z 0
TABLE 27 Minimal number of  t e s t s  (11) r e q u i r e d  to  i d e n t i f y  t h e  Gram n e g a t i ve  
f e r m e n t a t i v e  m o t i l e  organi sms  i s o l a t e d  from d i a r r h o e a l  p a t i e n t s
CHARACTERS A 81 82
PH
186
E N 
120
0 N 
C
s
0^ E F G H
Oxidase +
'
+ + + + ' + + + +
S e n s i t i v i t y  to lOpg of 0129 + + - + + - - - - - -
S e n s i t i v i t y  to 150yg of 0129 ,+ + + + + - V + - ■ - -
Growth in  0% NaCl + V - V V - V + +
Indole + V . + + + . + V V - - V
Lysine de c a r b o x y l a s e + + + - - V - + + - +
Ar g i n i ne  d i h y d r o l a s e - + - - + - V - -
N i t r a t e  r e d u c t i o n + - + + + + + + •
Sucrose  ( ac i d ) V + + + V + - - - -
Arabinose  ( a c i d ) - + - V + V V - +
S o r b i t o l  ( ac i d ) V + + V + +
No. of S t r a i n s 116 3 2 1 1 18 19 28 3 2 2
Notes:
A - V. c h o l e r a e  01 and non 01;  81 - V. m e t s c h n i k o v i i ; 82 - u n i d e n t i f i e d  v i b r i o s ;
s t r a i n  186 - V. a l b e n s i s ; s t r a i n  120 - u n i d e n t i f i e d  v i b r i o ;  C -  A. h yd r oph i l a  
D - V. f l u v i a l  i s ; E - V. p a r a h a e m o l y t i c u s ; F -• aeromonad-1ike  s t r a i n s ;
G - Ps.  s t u t z e r i  and Al teroraohas p u t r e f a s c i e n s } '  H - E. c o l i .
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The fiGC determinations were car r ied  out on a random se lec t ion  of 43 
i s o l a t e s  which represent  the dendrogram defined phenons. Tiie s t r a in s  
chosen included jh. cholerae (13); V&. metschnikovii (2); phenon B2 (2); 
s t r a i n  120; IL  a l b e n s i s  (1);  h v d ro p h i la  (9);  f l u v i a l i s  (5);  V. 
parahaemolvticus (7); Phenon F(1); phenon G (1) and phenon H(1).
Some i n i t i a l  problems were encountered with th is  par t  of the study. 
Although the t e s t  bac te r ia  were read i ly  lysed and s ig n i f i c a n t  amounts 
of DNA were obtained, purification of the crude DMA was prolonged due 
to  th e  e x c e s s iv e  q u a n t i t i e s  o f  c o n ta m in a t in g  prote in . F r e q u e n t ly  
a f t e r  Pronase t reatment (s tep 3) samples were deprotein ised a t  l e a s t  8 
t im e s .  For s to r a g e ,  th e  p u r if ie d  DNA was d i s s o l v e d  in  0.1 SSC to  a 
concentration of approximately 150ug/ml, a drop of chloroform added as 
a preservative and samples were r e f r ig e ra te d  a t  4^0. Some DNA samples 
(20) were s to r e d  in  t h i s  manner f o r  2-3 months because  of  a delay in  
th e  d e l iv e r y  of a c u v e t t e  temperature probe. After storage t h e se  
purified DNA samples f a i l e d  to p r e c ip i t a t e  with cold ethanol.  I t  was 
l e a r n e d  t h a t  t h i s  was presumably due to  th e  p h y s ic a l  d e g r a d a t io n  of  
th e  DMA. Since no m ic r o b i a l  growth occurred in  th e se  samples the  
d e g r a d a t io n  was a t t r i b u t e d  to  s to r a g e  of  th e  DNA in  too  d i l u t e  a 
s o lu t i o n .  Subsequently a l l  p u r if ie d  DNA samples  were s tored  as 
concentrated as  p o s s ib le  (>500ug/ml) and no f u r t h e r  problems in  
reprecipitation occurred even a f t e r  6 months storage.
The expected sharp increase in absorbance at 260nm occurred when 
a l l  t e s t  DNA s o lu t io n s  were h ea te d  in  the range 60-95^C. The 
characteristic  sigmoid shaped DNA melt ing curve i s  i l l u s t r a t e d  in Fig 
26 . u s in g  the  d a ta  o f  4 t e s t  samples .  The 50% h y p e rc h ro m ic i ty  
i n c r e a s e ,  which corresponds t o  the DNA m e l t i n g  temperature (Tm), i s  
a lso  in d ica ted . The %GC com pos i t ion  of  DNA samples was c a lc u la te d  
using t h e  mean Tm value of 3 d e t e r m i n a t i o n s ,  incorporated in  t h e  
following formula:
GC = 50.9 -5- 2.08 (Tm t e s t  DNA -  Tm E. c o l i  s tr a in  B)
This  fo rm ula ,  only a p p l i c a b l e  when 0.1SSC i s  used as  a b u f f e r ,  
s tan d ard ises  t h e  %GC to  th e  referen ce  E. c o l i  s tr a in  (Owen 6 H i l l ,
2 Z Z
FIG 26 DMA he a t  d é n a t u r a t i o n  curve  of  non 01 V. c h o l e r a e  (®),  
V. pa r aha emol y t i cus  ( o ) ,  V. f l u v i a l i s  (□ ) ,  and 
A. hvd r oph i l a  .(
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KEY Dot ted l i n e s  i n d i c a t e  t he  thermal  d é n a t u r a t i o n  t e m p e r a t u r e s  (Tm)
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1979) Three Tm d eterm in ation s  were made for  each t e s t  DNA sample.
Hie reference E. co l i  s t r a in  B was tested on the same or second day of 
con t inuous  t e s t i n g .  Each Tm d e t e r m in a t i o n  took 1.5 hours. Over the  
t e s t in g  period 16 determinations  were conducted on DMA from reference 
E. c o l i  s t r a i n .  The mean Tm v a lu e  was 75.4 -i- 0.25 and t h i s  v a lu e  was 
incorporated into the above formula.
The i n d i v i d u a l  and mean m e l t in g  tem peratures and th e  mean %GC 
c o m pos i t ion  o f  43 V ib r io - l ik e  organisms separated i n t o  the phenons 
defined by Group Average analysis of 195 stra ins agains t  121 te s t s  i s  
given i n  Table  28 & i l l u s t r a t e d  in Fig 27. M elt ing  temperature  
r ep ro d u c ib i l i ty  within strains was good; variation in Tm values on the 
same DMA sample r a re ly  varied more than 0.3°C. Thus the within strain  
v a r ia t io n  never exceeded GC and in  t h e  m ajority  of ca ses  t h i s  
variation was seldom above 0,5%  GC. Individual melting temperatures 
f o r  th e  43 t e s t  s tr a in s  ranged from 71.1 -  8l.6°C. Thus th e  range of  
% GC composition ranged from 42-63.9.
The base  com pos i t ion  of  phenons d e f in e d  by the  Group Average 
a n a ly s is  i s  given  in  Table 29. The main phenons formed by th e  
n u m e r ic a l  a n a l y s i s  were found  a l s o  t o  be ch a ra cter ised  by a 
d i s t i n c t i v e  narrow base composition range. Thus V. cholerae strains  
p ossessed  a %GC co m p o s i t io n  in  t h e  range 45.9 ±  0.6. S i m i l a r l y  V. 
m e tsc h n ik o v ii , A. h v d r o p h i l a , V. f l u v i a l i s  and V. p a ra h a e m o lv t i c u s  
s tr a in s  possessed  mean % GC com positions in  the range: 42 to  44.5; 
58.2 to  61.9; 49.7 to  51.7 and 44.7 to  46.5 r e s p e c t iv e ly .  The %GC 
com p o s i t io n  for  the genus V ibrio  ranged from 43.3 to 50.4. In 
co n tra st  the genus Aeromonas possessed  a h ig h e r  base co m p o s i t io n  : 
57.8 to  61.9% GC.
1.3.1. Base com position of V. c h o le r a e  01 and non 01.
Although th e  13 base com position v a lu es  f o r  V. cholerae s t r a in s  
f e l l  w i t h i n  th e  narrow range of 45.9 to  48.2 t h e  base r a t io  r e s u l t s  
f o r  t h e  V. c h o le r ae  b iotyp es  d i f f e r  s i g n i f i c a n t l y .  Six b io typ e  1 
s tr a in s  (6, 39? 108, 111,  126 and 195) p ossessed  a mean % GC r a t io  of  
47.4 ± 0 . 7 .  In c o n t r a s t  f i v e  biotype 3 s t r a i n s  (3, 7, 36 97 and 130)
TABLE 28 The,^GC deterrainatiorB on 43 V.1brio-.1 ike isolates
ZZI4.
Phenon
]
Mel t ing temperatures
Indi vidual  
Determi nat i ons  Mean s . d .
% G&C
Composi t ion •
Mean s . d .
V. c ho l erae  
3 73. 2 73. 2 73.1 73 . 2 ± 0 . 06 46 . 3  ± 0 . 1 3
6 73. 7 73. 3 73 . 5 73 . 5 ± 0 . 20 4 7 . 0  ± 0 . 42
7 73. 3 73. 2 73. 3 73, 3 ± 0 . 06 46 . 5  ± 0 . 13
36 73.1 73.1 72. 7 73 . 0 ± 0 . 24 45 . 9  ± 0 . 50
39 73 . 6 73. 4 73 . 5 73 . 5 ± 0 . 10 4 7 . 0  ± 0.21
97 73. 3 73. 4 73. 4 73. 4 ± 0 . 06 46. 7 ± 0 . 1 3
108 74.1 73 . 5 73 . 6 73. 7 ± 0 . 33 47 . 4  ± 0 . 69
m 74. 7 73. 9 73 . 8 74.1 ± 0 . 49 48 . 2  ± 1.01
126 73 . 4 73. 8 73 . 6 73 . 6 ± 0 . 20 4 7 . 2  ± 0 . 4 2
130 73. 7 73 . 0 73.1 73. 3 ± 0.38. 46 . 5  ± 0 . 79
177 73. 4 73. 3 73 . 4 73. 4 ±. 0 . 0 6 46 . 7  ± 0 . 1 3
184 74. 0 73. 6 73. 7 73 . 8 ± 0.21 47 . 6  ± 0. 44
. 195 73. 3 73 . 6 73. 4 73. 4 ± 0 . 1 5 46 . 7  ± 0.31
V. met schni kov i i  
116 71. 0 71 . 2 71.1 71.1 ± 0. 11 4 2 . 0  ± 0 . 23
18.9 72. 3 72. 3 72 . 2 72. 3 ± 0 . 0 6 44 . 5  ± 0 . 13
Phenon 82 
146 71. 7 71 . 9 71 . 8 71 . 8 f  0. 11 43 . 4  ± 0 . 2 3
147 71 . 8 7 1 . 7 71. 9 71. 8 ± 0.11 43 . 4  ± 0:23
St r a i n  120 72 . 3 72. 3 72 . 2 72. 3 ± 0 . 07 44 . 5  ± 0 . 15
V. a l b e n s i s 73 . 9 73. 7 73 . 8 7 3 . 8 ± 0.11 47 . 6  ± 0 . 23
A hydrophi l a
8 79 . 0 79. 0 79.1 79 . 0 ± 0 . 0 6 58. 4 ± 0 . 13
80 79.1 78. 7 78. 8 78. 9 ± 0.21 58 . 2  ± 0 . 4 4
84 79. 3 78. 7 78. 9 79 . 0 ± 0.31 58. 4  ± 0 . 65
118 80 . 3 80.1 80 . 2 80 . 2 ± 0 . 1 1 60 . 9  ± 0 . 23
152 . 79 . 6 79 . 6 79. 6 79 . 6 59. 6
155 79. 3 79 . 0 79.1 79.1 ± 0 . 1 5 58 . 6  ± 0.31
173 80. 7 80 . 7 80. 7 80 . 7 61. 9
187 80 . 4 80 . 0 80 . 0 80.1 ± 0 . 23 , 60. 7  ± 0 . 4 8
190 79 . 9 79 . 7 79 . 8 79 . 8 ± 0 . 1 0 60.1 ± 0.21
V. f l u v i a l i s  
17 75. 3 75 . 2 75 . 2 7 5 . 2 5 0 . 07 50 . 5  Î  0 . 1 5
168 74 . 9 74 . 8 74. 9 74 . 9 ± 0 . 0 5 49 . 9  ± 0 . 10
172 74. 7 75.1 74. 9 74 . 9 ± 0 . 1 9 49 . 9  ± 0 . 4 0
193 75. 0 74 . 8 75 . 0 74:9 ± 0.11 4 9 . 9  ± 0 . 23
194 75. 9 75 . 8 75. 7 75 . 8 ■± 0 . 0 9 51.7 ± 0 . 19.
V. parahaemol yt i cus  
22 72. 9 73. 7 73 . 2 73. 3 ± 0.41 46 . 5  ± 0 . 85
27. 73 . 2 72 . 8 72 . 8 72 . 9 ± 0 . 23 45 . 7  ± 0 . 4
28 72. 9 72 . 8 72. 7 72. 8 ± 0.11 45 . 5  ± 0 . 23
42 72 . 6 72. 3 72. 4 72 . 4 ± 0 . 15 4 4 . 7 . ± 0.31
99 73.1 72 . 6 72. 7 72 . 8 ± 0 . 27 , 45. 5 ± 0 . 5 6  ■
159 73 . 4 73.1 72. 8 73.1 ± 0 . 3 46.1 ± 0 . 6 3 ,
169 72 . 8 72 . 6 72 . 5 72. 6 ± 0 . 1 6 45.1 ± 0 . 33
Phenon F 
74 81. 6 81 . 7 81 . 6 81 . 6 ± 0 . 0 5 6 3 . 8  ± 0 . 10
Phenon G 
121 74.1 74 . 4 74 . 2 74 . 2 ± 0 . 1 6 48 . 4  ± 0 . 3 3
Phenon H 
164 75. 5 75. 3 75 . 4 75. 4 ± 0, 11 50 . 9  ± 0 . 23  .
The mel t i ng  temperature i s  the temperature a t  Which one h a l f  o f
zzs
FIG 27 P l o t  o f  %GC compos i t i on  a g a i n s t  Tm- de mons t r a t i ng  grouping 
of  t h e  i s o l a t e s  in t h e  phenons i d e n t i f i e d  in t h e  numerical  
taxonomic s tudy  .
64
6.2
60
58
56
4->
54
Q.
52
50
48
46
44
42
71 72 73 74 75 76 77 78 79 ' 80 81 82
Mel t ing Temperature °C (Tm)
KEY V. me t s chn i kov i i  a 
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TABLE 29 Summary o f  the  %GC d e t e r m i n a t i o n  on 43 i s o l a t e s
1
Taxonomic groups
Number of  
S t r a i n s  
Examined
2 ^
% G&C composi t i o n  
Range ■ Mean ± s . d .
V. c h o l e r a e 13 45 . 9  - 48 . 2 46.9 + 0 . 6 0
Phenon B2 2 43,4  - 43 .6 43 . 4  ± 0 . 2  •
V. me t s c hn i kov i i '• 2 ^ 42 . 0  - 44 .5 43 .3  ± 1.77
S t r a i n  120 /  -  1 ' 44 . 2  - 44 .5 44 . 0  ± 0 . 18
V. a l b e n s i s 1 47.4  - 47 . 8 47.6  ± 0.21
Aeromonas hydrophf l a 58:2 - 61 .9 59.6 ± 1 . 3 4
V. f l u v i a l  i s 5 49. 9  - 51.7 50.4 ± 0 . 7 8
V. pa raha emol y t i cus 7 44.7 -  4675 45.6 ± 0 . 5 9
Phenon F 1 63. 4  - 64.0 63.9 ± 0 . 12
Alteromonas p u t r e f a c i e n s  1 48 . 2  -  48 . 8 48 .5  ± 0 . 3 1
E. c o l i 1 50.7 - 51.1 50.9 ± 0 . 20
1 Phenons d e f in e d  by Group Average A n a l y s i s  on 195 s t r a i n s  a g a i n s t  
121 t e s t s .
2 Based on t he  r e s u l t s  of  3 d e t e r m i n a t i o n s  f o r  each s t r a i n .
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p ossessed  a mean %GC r a t io  of 46.3 ±  0.5. Although only th ese  few 
strains were studied the base ratio  resu lts  for  biotype 1 and biotype 
3 s tr a in s  d i f f e r  s i g n i f i c a n t l y  ( t  = 4.645; P> 0.001).  Only 2 V. 
cholerae 01 (biotype 2) strains were examined. Nevertheless the base 
r a t io  of th ese  2 s tr a in s  (177 and 184) d i f f e r r e d  s i g n i f i c a n t l y  from 
those of b io ty p e  3 ( t  = 3.389; P> 0.005) but no d i f f e r e n c e  was 
d etected  between biotype 1 and biotype 2 s tr a in s .  Thus V. c h o le r a e  
b io ty p e  3 s tr a in s  a re  ch ara cter ised  by f e rm e n t in g  mannose bu t  not  
sucrose or arabinose and p o ssess  a lower %GC content than  th e  V. 
cholerae stra ins of biotype 1 and 2.
1.3.2. Base com position of V. m etsch n ik o v ii . phenon B2 and s tr a in  
120.
S t r a i n  120, a Gram n e g a t iv e ,  o x idase  p o s i t iv e ,  n i t r a t e  n e g a t iv e ,  
fermentative, rod shaped, motile organism, which was sen s it iv e  0129 
but f a i l e d  to  decarboxylate lys in e  and ornithine and lacked a rg in ine  
dihydrolase, possessed a fiGC composition of 44.5 ±  0.15. A s im i la r  
s tr a in ,  i s o l a t e d  from pig f a e c e s  and obtained from the  VPL, a lso  
possessed a sim ilar SGC composition 44 ±  0.2. Phenon B2 strains, were 
ch a ra cter ised  by th e ir  n e g a t iv e  n i t r a t e  a c t i v i t y  and i n o s i t o l  
ferm entation  and a %GC com position  o f  43.4 ±  0.23. Five s im i la r  
strains, isolated  from water sources and obtained from the VPL were 
found to p o ssess  mean %GC com position o f  43.4 ± 0.5. The i n d i v i d u a l  
foGC r e s u l t s  of these  s tr a in s  were 43.6 ± 0 . 1 1 ;  43.2 ±  0.2; 43.6 ±  0.1 
and 43.6 ±  0.11 f o r  s t r a i n s  6253;  6368;  6692;  6788 and 6965 
respectively. The taxonomic s ta tu s  of both phenon B2 and strain  120 
1-7i l l  remain  u n re so lv ed  u n t i l  more s t r a i n s  are  a v a i l a b l e  f o r  
characterisation. Nevertheless i t  i s  worth noting t h a t  these strains  
(phenon B2 and strain 120) which resemble the metschnikovii stra ins in 
the  numerical analys is  a lso  possessed sim ilar mean G^C compositions. 
For instance the % mean GC composition was 43.25 ±  1.8; 43.4 ±  0.2 and 
44 ± 0 .1 8  for metschnikovii . phenon B2 and strain 120 respectively.  
W h i l s t  th ese  groups are d i s t i n g u i s h e d  on a number of phenetic  
characteristics  their s im i la r  %GC composition i s  striking. Until  DNA 
hybr id isa t ion  experiments are conducted the taxonomic s ta tu s  of these 
o rgan ism s  w i l l  remain unresolved : t h e s e  s tr a in s  may rep resen t
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d i s t i n c t  species  or merely biotypes  of the same species .
1.3.3. Base composition of As_ hvdrophila.
The % GC c o n te n t  o f  9 A. h v d ro p h i la  s t r a i n s  ranged from 58.12 to  
61.9. These values were within the published range for t h i s  species.  
One s tr a in  of th e  3 member s tr a in s  of phenon F which were shown to  
r e sem b le  th e  aeromonads in  t h e  n um er ica l  a n a ly s is  possessed  a % GC 
composition of 63.9 ±  0.12. Thus strain 74 d i f fe red  s ig n i f i c a n t ly  in 
% GC content compared to the aeromonad c lu s te r .  Thus the base ratio  
r e s u l t s  of s tr a in  74 supports the  separation  of phenon F from the  
o th e r  aeromonad c lu s t e r .  N e v e r th e le s s  more s tr a in s  need to  be 
examined and DNA hybridisation studies conducted before the taxonomic 
s ta tu s  of phenon F can be established.
1.3.4. Base composition of  f lu v ia l i s
The base composition values for 5 }L. f lu v ia l i s  strains f e l l  within  
the narrow range of 49.9 to  51.7 with a mean %GC composition of 50.4 ±
0 .78. The homogenei ty  of  the  f r e sh ly  i s o l a t e d  c l i n i c a l  s tr a in s  was 
confirmed; base r a t i o  resu lts  for 3 strains only ranged from 49.9 to
50.6 . N e v e r th e le s s  as  a group V. f l u v i a l i s  s t r a in s  p ossessed  a %GC 
composition which was too low for inclusion in  the genus Aeromonas but 
closer to values for the genus Vibrio. The inclusion of these strains  
in the genus Vibrio therefore  appear ju s t i f ie d .
1.3.5 Base composition of jh. parahaemolvticus
Seven IL parahaemolvticus strains were characterised by possessing 
base compositions values which f e l l  with in  the narrow range of 44.7 to
46.5 w ith  a mean o f  45.6 ±  0.59 SGC. C learly  parahaem olvticus  
s tr a in s  formed a good taxon on p h e n e t i c  and g e n e t ic  grounds. Base 
co m pos i t ion  v a lu es  were c l e a r l y  d i s t i n c t i v e  from ^  m e t sc h n ik o v i i  
(43.3 ±  1.8) and V. cholerae (46.9 ±  0.6).  The base  com position  of V. 
ch o le r a e  b io ty p e  3 s t r a i n s ,  which can be e a s i l y  m i s i d e n t i f i e d  as  
arabinose negative parahaemolvticus. also differred s ig n if ic a n tly  
from parahaemolvticus strains.
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S t r a i n  121 which was t e n t a t i v e l y  i d e n t i f i e d  as  Alteromonas 
p u t r e f a c i e n s . possessed  a % GC c o n te n t  of  48.5 ± 0 .3 1 .  This  v a lu e  i s  
s i m i l a r  to p u b l i sh e d  base r a t i o s  of  Al. p u t r e f a c i e n s . The % GC 
c o n te n t  of s t r a i n  121 fu rth er  supports i t s  i d e n t i f i c a t i o n  as  Al. 
putrefaciens.
Stra in  164 which represented phenon H, possessed a % GC content  of 
50.9 ±  0.2. On p h e n e t i c  grounds t h i s  organism was i d e n t i f i e d  as  E. 
c o l i : the base composition r e s u l t s  support t h i s  id e n t i f i c a t io n .
Due t o  t h e  v a r i e t y  o f  e x p e r i m e n t a l  m ethods a v a i l a b l e  f o r  
determining base composition i t  i s  often d i f f i c u l t  to d irectly  compare 
base r a t i o  r e s u l t s  w ith  published work. This d i f f i c u l t y  i s  p artly  
overcome by expressing  the base r a t io  of the unknown DNA sample 
re la t iv e  to a reference DNA, as in the present study. Published base 
r a t i o  r e s u l t s  of  4 referen ce  c u l t u r e s  included i n  th e  present study 
are given  in  Table  30. There i s  e x c e l l e n t  concordance between th e  
published and th e  present study*s base r a t i o  r e s u l t s .  S l i g h t  
differences were noted when the published ratios  were determined by 
CsCl centrifugation. This variation was within 2% GC: an acceptable 
d i f fe rence  for  different laboratories using d ifferen t methods.
1.4 The s u s c e p t ib i l i t y  of vibrios to various antimicrobial agents.
A ntim icrobia l s u s c e p t i b i l i t y  t e s t i n g  data on 368 V i b r io - l i k e  
organisms i so la te d  from diarrhoeal patients in Dacca, Bangladesh and 
from various non human environments,  i s  given in Table 31. On the basis  
of  12 c h a r a c t e r i s t i c s  (see  page 101) i s o l a t e s  were a s s ig n e d  to  one of 
f i v e  taxonomic groups:  c h o le r a e  01; V^  cholerae non 01; V.
parahaem olvticus: A. hvdrophila and V. f l u v i a l i s . Zones d iam eters  
ind ica t ive  of "resistance" and "sensitiv ity" .are  given in the method 
section (page 101) as are the concentrations of an tib io tics . Zones of 
i n h i b i t i o n  r e f l e c t i n g  an in term ed iate  s u s c e p t i b i l i t y  t o  th e  t e s t  
a n t ib io t i c  were unusual. In the few instances in which "intermediate 
r es is ta n ce"  was encountered, f o r  t a b u l a t i o n  purposes the  data was 
recorded susceptible to the antib iotic .
£ 3 0
TABLE 30 A Comparison of  % GC d e t e r m i n a t i o n s  by d i f f e r e n t  i n v e s t i g a t i o n s
Computer
Number
Spec i es Other  r e f e r e n c e  
, number
■ . .. - A  
% GC Composi t ion
Pub l i shed  This s t udy
- -- [
186 V. a l b e n s i s NCMB 41 47.8^ 47.6 ± 0.21
187 A. Hydrophi la ' NCMB 86 50.9^ 
61.6^/*
60.8 ± 0 .4 6
189 V. me t s c h n i k o v i i NCTC 11170 44.2* 44.4 ± 0.18
194 V. f l u v i a l i s NCTC 11330 49.8^/* . 51.7 ± 0.20
1. R e i c h e l t ,  J . L . , P. Baumann and L. Baumann .1976,. Arch Mic rob i o l .  111 : TOI-120,
2. McCarthy,  D.H. 1978.  PhD Th e s i s , Po r t s mo u t h  P o l y t e c h n i c .  Por t smouth .
3.  Maclnnes,  J . I . ,  TTJ. T r us t  and J .H.  Crosa .  1979 . Can. J .  Microb i o l .
25: 579-586.
4.  Lee,  J . V . ,  T . J .  Donovan and A.L.  F ur n i s s  1 97 8 b . I n t  J .  S y s t .  Bact  
28:99-111,
5. Lee,  d;V.  e t  a l . ,  1981.  J .  Ap p l . Bact .  ( In  p r e s s ) .
A Unless  o t h e r wi s e  s t a t e d  base compos i t i ons  were de t e rmined  by
thermal  d é n a t u r a t i o n
* base  compos i t i ons  de t ermined by CsCl g r a d i e n t
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1.4.1. Pat tern  of re s i s ta n ce  among the Vibrio s t r a in s .
S t r a i n s  of  c h o l e r a e  01 were c h a r a c t e r i s e d  by t h e i r  uniform 
se n s it iv ity  to: am picillin; chloramphenicol; gentamycin; tetracycline;  
kanamycin and se p tr in  Table 31. A few V. cholerae  01 s tr a in s  were 
r e s i s t a n t  to  streptom ycin  (13%); cephaloth in  (10%) and polymyxin B 
(67%). S t r a i n s  o f  V. cholerae  non 01 were r e s i s t a n t  t o  polymyxin B 
(77.3%) and streptomycin (32.2%); only low re s i s ta n ce  f requencies  were 
noted for  the other a n t ib io t i c s  tes ted .  In addi t ion to  resistance to 
s tr e p to m y c in  (48.7%) and polym yxin  B (61.5%) s t r a i n s  o f  V. 
parahaemolvticus exhibited high resistance frequencies to  am picillin  
(66.7%) and c e p h a lo th in  (56.4%) and low er r e s is ta n c e  freq u en c ies  t o  
chloramphenicol (15.4); gentamycin  (7.7%); t e t r a c y c l in e  (15.4%) 
kanamycin (7.7%) and sep tr in  (7.7%). Aeromonas hvdrophila and V. 
f l u v i a l i s  s t r a in s  demonstrated r e s i s t a n c e  frequencies sim ilar to V. 
parahaemolvticus except that chloramphenicol resistance was present in 
16 IL f l u v i a l i s  stra ins (73%) and 22 hvdrophila strains (50%).
The distribution of resistance among the Vibrio-lik e  organisms i s  
g iven  in  Table 32. Only 10% of  c h o l e r a e  non 01 s tr a in s  were 
sen s i t iv e  to  a l l  9 a n t ib io t ic s  w h i l s t  80% of strains were res istan t  to  
1 to  2 a n t ib io t i c s .  The most f r e q u e n t  pattern among V. ch o lerae  non 
01 strains res istan t to  1-2 a n tib io t ic s  was resistance to  : polymyxin 
B (44.6%); polymyxin B and streptom ycin  (15.5%) and streptom ycin  
(5.6%). Among p a r a h a e m o lv t ic u s  s t r a i n s  r e s i s t a n t  t o  1-2 
a n t ib i o t i c s  t h e  most f r e q u e n t  p a t t e r n  was r e s is ta n c e  t o  a m p ic i l l in  
(12.8%); polymyxin B and a m p ic i l l in  (10.3%); and polymyxin B (5.1%). 
Of 27 iL  hvdrophila strains res istan t to  1-2 a n t ib io t i c s  resistance to 
cephaloth in  (25.8%); a m p ic i l l in  (9.7%); cephaloth in  and a m p ic i l l in  
(9.7%); and cephaloth in  and gentamycin  (6.5%) was most freq u en tly  
observed. S imilar ly  resistance to cephalothin and a m pic i l l in  (26.3%) 
and polymyxin B (10.5%) was the most f r e q u e n t  pattern  among V. 
f lu v ia l i s  strains res istan t to  1-2 an tib io tics .
A large percentage of the res istan t parahaemolvticus (53.8%) A. 
hvdrophila (35.5%) and lA. f lu v ia l i s  (36.8%) strains were res istan t  to 
3 or more of  the a n t i b i o t i c s ,  w h i ls t  only 10% o f  th e  r e s i s t a n t
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cholerae non 01 s t r a in s  exhibi ted r es i s tance  to 3 or more a n t ib io t i c s  
(Table 33). Among the 23 m ult ip le  r e s i s t a n t  \A cholerae non 01 strains  
the most common r e s i s t a n t  pattern  was r e s is ta n c e  to  polymyxin B, 
cephalothin, streptomycin and am picillin  (5 strains^  Interesting ly  2 
non 01 V. cholerae strains were res istan t to  a l l  9 a n t ib io t i c s .  Like 
the ]A cholerae non 01 strains the 21 mult ip le  res istan t strains of V. 
parahaem olvticus were most freq u en tly  r e s i s t a n t  to :  polymyxin B, 
c e l p h a l o t h i n ,  streptom ycin  and a m p ic i l l in  (8 s t r a in s ) .  However 
m u l t i p l e  r e s is ta n c e  t o  cephalo th in , t e tr a c y c l in e  s t r e p to m y c in  and 
c h lo ram phen ico l  occurred in  3 s tr a in s .  Two ^  p a ra h a e m o lv t i c u s  
s t r a in s  were r e s i s t a n t  to  a l l  9 a n t i b i o t i c s .  Of the 16 m u l t i p l y  
res is ta n t  jL hvdrophila 7 strains were res istan t  to  a l l  9 antib io tics;  
the next most common res istan t pat te rn  among the A^  hvdrophila strains  
was r e s is ta n c e  t o  cephaloth in , t e t r a c y c l in e ,  streptom ycin  and 
chloramphenicol (3 strains). Similarly, of the 8 multiply res istant  
V. f l u v i a l i s  2 strains were res istan t  to  a l l  9 an tib io tics .  T n e  other 
common r e s is ta n c e  p attern s  among th e  V. f l u v i a l i s  s tr a in s  included  
resistance to cephalothin, am picillin  and streptomycin (1 strain) and 
chloramphenicol (1 strain) and am picillin  (1 strain).
1.4.2 Examination of selected strains by agarose gel electrophoresis  
for  puta t ive  plasmids.
The tr a n sfer  of a n t i b i o t i c  r e s is ta n c e  has c o n s is t e n t ly  proved 
d i f f i c u l t  among v a r i o u s  V ibrio s p e c ie s .  Negat ive  r e s u l t s  are 
in co n c lu s iv e ;  usual exp lanation  i n c lu d e  e i th e r  s t r a in s  f a i l  to  
t r a n s fe r  resistance fac to rs ;  or unsuccessfully incorporate resistance  
fa c to r s ;  or  sim ply because s tr a in s  l a c k  t r a n s f e r a b l e  r e s is ta n c e  
fa c to r s .  For t h is  reason no a t t e m p t  was made to  screen  a n t ib i o t i c  
resistant iso la te s  for  th e i r  a b i l i t y  to transfer an tib io tic  r e s i s ta n ce  
fa c to r s .  I n s t e a d  a s e le c t io n  o f  v i b r i o s  were sc reen ed  f o r  the  
presence of plasmids by th e  agarose ge l  e le c tr o p h o r e s is  technique.  
I s o l a t e s  were se lected  from the 400 Vibr io - l ike  organisms assembled. 
The f in a l co l le c t io n  of vibrios for  plasmid analysis consis ted  of 98 
s tr a in s ;  58 of  which were a lso  included in  the  taxonomic  a n a ly ses .  
I s o l a t e s  s e l e c t e d  belonged to  th e  fo l lo w in g  taxonomic groups: V. 
cholerae (66); V. m e t s c h n i k o v i i ( 1): A. h v d ro p h i l a  (6);  V. f l u v i a l i s
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(8) and parahaeraolvticus (17).
A ty p ic a l  r e s u l t  obtained w ith  agarose g e l  e le c tr o p h o r e s is  of  
colony ly sa te s  i s  given in Fig 28. Crude lysates  contained chromosomal 
DNA which banded as a broad d iffuse  area. The brightness and s iz e  of 
th is  chromosomal band hampered the v i s u a l i s a t i o n  of pu ta t ive  plasmid 
bands. In addition fragmented chromosomal ON A frequent ly  migrated the 
whole d is ta n ce  of th e  e le c tr o p h o r e s is  t r a c k  r e s u lt in g  in  a f a i n t  
glowing background which a l s o  increased  t h e  d i f f i c u l t y  of  plasmid  
v i s u a l i s a t io n .  N everth e less  a few sm a l l  sharp bands in d ic a t iv e  of  
plasmids were observed in some v ib r io s  strains. Some of these small 
bands appeared to  run behind the main chromosomal bands, w h ilst  other 
bands ran ahead. The main chromosomal bands and pu ta t ive  plasmid bands 
are i l lu stra ted  in Fig 28.
Out of  th e  98 s tr a in s  examined 22 s tr a in s  r e p e a t e d l y  showed 
putative plasmid bands in  agarose gel electrophoresis. Thus these 22 
strains and 3 plasmid bearing reference c u l tu re s  were further examined 
using partia lly  p u r i f i ed  plasmid DMA. Agarose gel electrophoresis of 
p artia lly  purified plasmid DMA produced clearer resu lts  (see Fig 29). 
The chromosomal band was s t i l l  evident but never the less  plasmid bands 
appeared b righ ter  and more prominent. Of the  22 s tr a in s  examined 
plasmid bands were only evident in 12 strains representing V. cholerae 
non 01 (9) and V. f l u v i a l i s  (3).  Fig29shows t h e  appearance of th e se  
12 putative plasmid bearing stra ins, 3 reference plasmid s t r a i n s  and 3 
s t r a i n s  which lacked  p u t a t i v e  p lasm id  bands. Many s tr a in s  p o sse s s  
mul t ip le  plasmid bands the majority of which migrate ahead of the main 
chromosomal band. Plasmid DMA molecules migrate in agarose gels  a t  a 
rate inversely  related to  their molecular weights (Meyer e t  a l . ,1976). 
Thus th e  f a s t e r  moving p lasm id  bands can be expected  t o  have s m a l l  
m olecular w e ig h ts  w h i l s t  the  plasmid bands which move behind th e  
chromosomal band, can be expected to  have la rge  molecular weights.
Out o f  66 jk. cholerae non 01 examined 9 s tr a in s  were found to  
harbour plasm ids. Of t h e se  9 p la sm id  bearing non 01 V. ch olerae  7 
strains possessed plasmids of low molecular weight w h i l s t  2 s t r a in s  
posses sed  p lasm id  of  l a r g e  m olecular w eigh t .  S im i la r ly ,o f  t h e  3
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plasmid bearing f l u v i a l i s  2 s t r a in s  possessed la rge  plasmids w h i l s t  
one s tr a in  p ossessed  a sm all s iz e d  plasmid. I t  was not p o s s ib le  
accura te ly  to  determine plasmid molecular weights of the t e s t  vibrios  
because s u f f i c i e n t  data p o in ts  r e l a t i n g  r e l a t i v e  m i g r a t i o n  of 
referen ce  plasmid DMAs a g a in st  plasm id  m olecular w e ig h t s  were not  
available. Nevertheless the l a rg e r  Vibrio plasmids migrated a sim ilar  
d ista n ce  as the 23.7 mega dalton (KD) referen ce  plasmid; thus the  
larger plasmids possessed molecular weights equal to  or g rea te r  than
23 .7 . The sm all plasm ids p o ssess  m olecular w eights  between 2 .5-4 .5  
MD.
From t h i s  preliminary study the following points can be made:
(a) Of 40 m u l t i p l y  a n t ib i o t i c  r e s i s t a n t  v ib r io s  (V. cholerae  non 
01; V. parahaernolvticus: V. f lu v ia l i s  and A. hvdroohila) examined only 
6 Vi. cholerae non 01 and 3 IL f lu v ia l i s  strains possessed plasmids.
(b) 3 V. c h o le r a e  non 01 s tr a in s  which posses sed  low m o le c u la r  
weight plasmids lacked a n tib io t ic  resistance.
(c) Of 23 Vx. cholerae non 01 s t r a in s  which produced CT-like toxin 
only 2 strains possessed plasmids.
Thus m u l t i p l e  a n t ib io t i c  r e s i s t a n c e  and c h o le r a - l ik e  t o x i n  
production was not s t r o n g l y  a s s o c i a t e d  w i th  p lasm id  carr ia g e . The 
fu n c tio n  of t h e  p la sm id s  in  c e l l s  which harbour them remains 
uncertain . The a n t ib io t i c  r e s is ta n c e  p a t t e r n  and t o x i g e n i c i t y  of  
s t r a in s  which harbour p la sm id s  i s  g iven  in  Table 34. Host s t r a in s  
harbouring plasmids were res istan t to  1 or more a n t i b i o t i c s ;  w h i l s t  
only 2 plasmid carrying strains produced cholera-like toxin.
Attempts were made to  transfer a n t i b i o t i c  resistance from m ultiple  
a n t i b i o t i c  r e s i s t a n t  plasmid c a r r y i n g  s t r a in s  t o  n a l i d i x i c  a c i d  
r e s i s t a n t  E^ . c o l i  r e c i p i e n t s .  For the  tr a n sfe r  experim ent 2 V. 
cholerae  non 01 ( s t r a in  71 and 154) and 1 V. f l u v i a l i s  ( s t r a in  36) 
were used as donor s tr a in s .  The f u l l  experim ental procedure of the 
tra n sfer  experiment i s  described  on page'^%nd w i l l  only be b r i e f ly
geu
I c
ra  "r-
E  X
tu o
r— I—oX . ■ 
E )  -
(/>
c
fd
E
+ J
LO
e n
C
E C
(d E
tu eu
X X
X
(d
..CL
E
in tu
(d tu
c
CL fd
X
t+- tn
O ir-
LO
>) . eu
X c e
u u
c X
eu o
e n
X
Xo XX ,c
<
"Oc
fd
c
E
tu
X
X 3 :(d E
CL ■ a tu zX
tu E CJo LO fdc fd E
fd fdX CL JC
tn C_J o
• r— 2 :tn
eu
E
u .
*1— oX 2 :
o
X CL
EX Oc eu C_1
< uc
eu
E oeu z :
.d" X
CO eu tuc e CD
fd
; C CL
LU
X fd fd
CQ E X
< X fd
H— t/1 Q
•f“ JC p—* >> C X c
CL o E X
•E >> o o c o Xfd u X . >> %ej E fd CL E E (d
O E eu (d X X
CL X E  : c CL CL
E _c (U X (d eu tu ofd èj X LO X LO O CL
II II II II . Il II II II
X
c CL CL
e ' E . tJ E fd tu eu CO ■
< e_j X t/1 Le t o E l CL
240
ca
Q .
CQ
CL.
+
CL
tu
( / )
CQ
CL.
CQ
CL
4-
a
4* 4- CQ
CQ CQ CL
CL CL C c
fd fd 4*
4* 4* L e Le X
CL CL 4- + , fdeu tu Le
LO t o t J XX CL 4*
4- + eu
, 4- C J Xc C CQ CL
fd fd CL E O eu
Le L e t /1 X CJ
4-
4* 4- 4- 4- 4-
C
o ' V fd .E E EX X L e CJ t/1 t o
4- 4- 4- 4- 4* 4-
E
e o .M g
CQ
CL
CLO)
C/1
4-
C
:S
CL
euO
+
(J
Et/1
4-
E)
4-
CQ
C L
4-
C
4*
J Q
CL
tu
o
4-
O
Cl.
tu
E )
4-
4*
, .EEl
4-
O
CQ
CL
eu euCD CD 
3: E  E
O fd (13
eu r—
C7)r— 
E  fd 
<xJ E
r—  CO
ft3
m
QJ r—* 
ü lr—
E  fd 
(d E
r— (/)
I—  O J  ( Q  O J  C J  CM CM OJ r o  OJ
O
eu
fd
E(U
O 
. JC
eu
CM COIQ  CO LO
On
CD CM 
CM LO
CO CO LOCO
CO CO 
LO CO 
I—  CM
CO
CM
fd
LO
(O
CM (—  
CO LO 
OJ fO
241
o u t l i n e d  here .  A f te r  mat ing  of  donor and r e c i p i e n t  c u l t u r e s  s e r i a l  
t e n f o l d  d i l u t i o n s  were p repared  and d u p l i c a t e  0.1ml volumes were 
p l a t e d  onto  n u t r i e n t  agar  p l a t e s  c o n ta in in g  25 ug ml"^ of  n a l i d i x i c  
acid and either 10 ug ml”  ^ of am pic i l l in  or lOug ml”  ^ streptomycin or 
30 ug ml"^ o f  t e t r a c y c l i n e .  Out o f  3 m ating  e x p e r im e n ts  no 
t ransconjugants  were detected i .e.  recipient c e l l s  which have received 
th e  plasmid encoding a n t i b i o t i c  r e s is ta n c e .  Thus t h e s e  3 V ibrio  
s tr a in s  e i th e r  f a i l e d  to  conjugate w i th  th e  c o l i  r e c ip ie n t  or 
a l t e r n a t i v e l y  t h e  p lasm id  c a r r y i n g  v ib r io s  s t r a in s  l acked  plasmid  
r e s i s t a n c e  f a c t o r s .  No a t t e m p t  was made to  t r a n s f e r  a n t ib io t i c  
r e s i s t a n t  to  Vibrio rec ip ien ts .  Thus the function of the plasmid DMA 
in the 12 Vibrio strains remains cryptic .
I t  was of  i n t e r e s t  t o  no te  th at a number of m u l t i p l e  a n t i b i o t i c  
r e s i s t a n t  i s o l a t e s  la ck ed  p la sm id s .  The MICs of  s tr a in s  t o  the  
various a n t ib i o t i c s  were no t  determined. However 100 a n t i b i o t i c  
r e s i s t a n t  V ibrio s t r a in s  were t e s t e d  f o r  th e ir  a b i l i t y  to  grow on 
nutrient agar supplemented with either 15 ug ml"  ^ of am picillin  or 15 
ug ml"1 of streptomycin. Out of  100 i s o l a t e s  res istan t  to d iscs  of  10
of am picillin  and 10 ug of streptomycin only 8 strains grew on the 
15 ug ml~^ a m p i c i l l i n  p l a t e  and 15 s tr a in s  on t h e  15 ug ml”  ^
s t r e p to m y c in  p la te s .  However s tr a in s  growing on t h e  a n t i b i o t i c  
supplemented  p l a t e s  r e q u i r e d  in c u b a t io n  f o r  48 hours b e fo r e  
d iscern a b le  c o l o n i e s  were ev ident. Thus t h e  l e v e l  of  r e s is ta n c e  t o  
a m p ic i l l in  and streptom ycin among t h e s e  100 s tr a in s  was low. 
Nevertheless stra ins which grew on the an tib io tic  supplemented p lates  
were m u lt ip ly  a n t ib i o t i c  r e s i s t a n t  and u s u a l l y  of  th e  a m p i c i l l i n ,  
s t r e p to m y c in ,  t e t r a c y c l i n e  and chloramphenicol r e s i s tance  pa t te rns .  
None of  th e  V. c h o le r a e  non 01 s tr a in s  other than s tr a in  71, grew on 
th e  a n t ib io t i c  supplemented p l a t e s  V. f l u v i a l i s  s t r a i n s  36 and 361 
were both r e s i s t a n t  t o  > 15 ug ml~'^ of  a m p i c i l l i n  and > 15 ug of  
t e t r a c y c l i n e .  N everth eless  i t  was s t i l l  im p o s s ib l e  to  tr a n s fe r  
a n t ib io t i c  r e s i s t a n t  from th e  V. f l u v i a l i s  s t r a in s  t o  E. c o l i . The 
d isc  s e n s i t i v i t i e s  were te s ted  a t  the time of i so la t io n  or r e c e ip t  of 
i s o l a t e s  w h i l s t  the  p lasm id  a n a l y s i s  and the  a b i l i t y  t o  grow on t h e  
a n t ib io t i c  supplemented plates were examined a t  l e a s t  18 months la ter .  
All i s o l a t e s  were stored in the absence of a n t i b i o t i c s  s e le c t io n  thus
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strains may have lossed plasmid they previously carried.
1.4.3. S u sc ep t ib i l i ty  of v ib r io s  to  the v i b r i o s t a t i c  agent 0129.
The se n s it iv ity  of v ibrios  to the v ib r io sta t ic  agent 0129 appears 
to be of grea t d i f f e r e n t i a l  value. In th e  n u m er ica l  s tudy i t  was 
noted tha t  phenons d i f f e r r e d  in their degree of s e n s it iv ity  to  0129. 
Some phenons were sen sit iv e  to d iscs  containing 10 ug of 0129 (phenons 
A and B1; strain 120 and 186) others were res istan t to  10 ug d iscs  but 
s e n s i t i v e  t o  150 ug d i s c s  o f  0129 (Phenons B2, D and E) w h i ls t  some 
phenons were res istan t to both 10 and 150 ug d iscs  of 0129 (Phenons C, 
F, G and H). To check th e  taxonomic  value of 0129 the minimal 
inhibitory concentration of 0129 to  strains included in  the taxonomic 
analysis was determined.
The degree of s e n s it iv ity  of strains to 0129 i s  given in Table 35. 
S tra in s  were assembled according to  the  phenons discerned by Group 
Average a n a ly s is  (page 174-). The mean s e n s i t i v i t y  of  V. ch olerae  01 
and non 01 s t r a i n s  to  0129 was 6.63 ug/ml.  A s im ila r  s e n s i t i v i t y  t o  
0129 was noted f o r  m etsch n ik ov ii  (5.83 ug/ml); s tr a in  120 and 
strain 186. parahaernolvticus and phenon B2 s t r a i n s  were s e n s i t iv e  
to  78 and 75 ug of  0129 r e s p e c t i v e l y .  The mean s e n s i t i v i t y  of  1Q V. 
f l u v i a l i s  s t r a i n s  was 118 ug/ml.  Thus a l l  t h e s e  phenons were 
s e n s i t iv e  to  150 ug d iscs  of 0129 and would be id en tif ied  as v ibrios.  
In con t ra s t  A. hvdroohila. phenons F, G and H were res istan t  to  150 ug 
d i s c s  o f  0 1 29 and t h u s  would  n o t  be i d e n t i f i e d  as v i b r i o s .  
N e v e r t h e l e s s  t h e s e  s t r a i n s  w e re  s e n s i t i v e  t o  0129 a t  h i g h e r  
concentrat ions  of 0129. The mean s e n s it iv ity  of A. hvdroohila . phenon 
F; G and H to  0129 was 366; 266; 238 and 400 ug/ml respec t ive ly .  Thus 
aeromonads a r e  s e n s i t i v e  to  very  high c o n c e n t r a t i o n s  o f  0129 
( s a t u r a t e d  s o lu t io n s  o f  0129) but a r e  r e s i s t a n t  t o  0129 a t  the  
c o n c e n t r a t i o n  used f o r  t e s t i n g  v i b r i o s .  I t  i s  th u s  im p erative  t h a t  
the concentrat ion of 0129 be spec i f ied  when describing an organism as 
e i th e r  sen s it ive  or resistant.
During the course of the work with 0129 i t  was noted t h a t  fo r  some 
s t r a i n s  the zone of  in h ib it io n  produced by 0129 v a r i e d  according to
TABLE 35 Degree o f  s e n s i t i v i t y  o f  v i b r i o s  t o  0129
Taxonomic group No. of  s t r a i n s  Range Mean ± s . d .
V. c h o l e r a e  01 & nonOl ; 115 
V. me t schnikovi  i 3
82 2
S t r a i n  120 1
S t r a i n  186 1
Aeromonas h yd r oph i l a  18
V. f l u v i a l i s  19
V. pa r aha emol y t i cus  . 28
Phenon F 3
Phenon G 2
1.0  - 15.0
5 . 0  - 7 . 5
6.63+ 2.14
5.83+ 1.44
75
7 . 5
7 . 5
200 400
75 - 200
1 0 - 1 0 0
200 - 400
75 - 400
75
7 . 5
7 . 5
366 ± 76.7
118.42± 39 . 0
78 ± 23.7
226 ± 115.5
237.5 ± 229
Phenon H 400 400
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iwhat growth medium was used. Zone s iz e s  appeared greatest on media 
which lacked s a l t  w hilst smaller zones were obtained following growth 
on media c o n ta in in g  s a l t .  The e f f e c t  of s a l t  on t h e  s e l e c t i v i t y  of 
0129 f o r  V. cholerae (12); V. f l u v i a l i s  (7);  V. parahaernolvticus (9);  
V. m etsch n ik ov ii  (2); and phenon B2 s tr a in s  (2) was in v e s t ig a te d .  
Lawn p l a t e s  of t e s t  s tr a in s  on media conta in ing  0, 0.5, 1.0, 1.5, 3 
and 51 (w/v) sodium chloride were prepared and d iscs  of 10 and 150 ug 
o f  0129 were placed  onto the  b a c t e r i a l  lawn. After overnight  
incubation a t  37^ the zone of in h ib i t io n  produced by the 0129 discs on 
each p l a t e  was measured and th e  r e s u l t s  o b ta in e d  a r e  summarised in  
Table 36. For each taxonomic group zone s i z e s  decrease as th e  s a l t  
c o n c e n t r a t i o n  in c r e a s e s .  However ,  even  a t  t h e  h i g h e s t  s a l t  
concentrat ion te s ted  v ib r io s  remained sen s it iv e  to 0129. For instance 
the mean zone s iz e  fo r  7 f l u v i a l i s  strains using d iscs  containing 
150 ug ml"* and growing on media l a c k in g  sodium ch lo r id e  was 27± 
2.75. In co n t ra s t  when these s t r a i n s  were grown on media containing 
5% w/v sodium ch lo r id e  th e  zone s i z e s  were reduced t o  11.4 ±  2.0. 
S imilar  reduction in zone s ize s  were noted for  a l l  s t r a i n s  tes ted .  I t  
i s  therefore imperative t h a t  the s a l t  concentrat ion be specified  for 
t h i s  t e s t .  I t  i s  recommended th a t  a concentration  o f  1.5% (w/v) 
sodium ch lo r id e  be th e  standard stren gth  of s a l t  incorporated in to  
t e s t  media.
1.5. The f a t e  of  4 ch o lerae  s t r a in s  under n u tr ien t  l im i t in g  
conditions.
The resu lts  of the numerical study revealed t h a t  V,_ cholerae 01 and 
NCVs represented  b io typ es  of the  one s p e c ie s  ch o lera e . This 
phenetic s im ilar ity  between strains was confirmed by their sim ilar % 
GC com position. N e v e r th e le s s  r e s u l t s  of the  b io lo g ic a l  a c t i v i t y  
sc reen  in d ica ted  t h a t  w i t h i n  th e  non 01 V. cholerae  group s t r a i n s  
e x h i b i t e d  d i f f e r e n t  p a thogen ic  p o t e n t ia l s .  Some V. cholerae non 01 
s tr a in s  e laborated  a c h o le r a - l ik e  toxin , some produced e n t e r i t i s  in 
r a b b i t s  w h i l s t  other possessed no apparent b i o l o g i c a l  a c t i v i t y .  In 
ad d ition  i t  i s  now appreciated t h a t  a d if fe r e n c e  in  b i o l o g i c a l  
a c t i v i t y  among cholerae 01 strains ex is t s .  Most 01 cholera s t r a i n s  
are v ir u le n t  f o r  man, produce a c h o l e r a - l i k e  to x in  and g e n e r a l ly
Z45
TABLE 36 The e f f e c t  o f  sodium c h l o r i d e  on t h e  s e l e c t i v i t y  o f  0129 t o  v i b r i o s - a s  de ter mi ned by 
i n h i b i t i o n  o f  zone  s i z e s  ( I n  mm).
Taxonomic
Group
Pe r c e n t a g e  c o n c e n t r a t i o n  ( w / v )  o f  sodium c h l o r i d e  
0 , 0 . 5  •; 1 . 0  1 . 5  3 . 0
Probabi  11 ty.
V. c h o l e r a e  (12)
o , , q1 10 1 8 . 5  ± 3 . 1  1 5 . 5  ± 3 . 9  1 4 . 3  ± 3 . 8  1 3 . 6  + 3 . 1  1 1 . 0  + 3 . 7^  10 + 3 . 1^  P < 0 . 0 1 ^UIcy 0 1 • r
150 28 ± 5 . 3  2 5 . 8  + 4 . 9  2 3 . 3  ± 6 . 1  2 2 . 5  + 6 . 1  1 8 . 6  ± 5. 8^ 14 ± 3 . 6 ' ’ P<O.Or
V. f l u v i a l i s  ( 7 )
0 1 2 9  10  g ± 1 . 5^  8  f  1.0*^ 8 . 0  ± 1. 0^ R e s i s t a n t  R e s i s t a n t  R e s i s t a n t
1 5 0  27 4  2 . 7 ^  1 8 . 8  ± 1 . 6  16 ± 1 . 3  1 4 . 6  ± 1 . 5  1 4 . 4  4 2 . 0  1 1 . 4  2 . 0
0129 10
150
16
32
15
30
16
28
14
28
14
20
12
16
Phenon 62 s t r a i n s  ( 2 )
0129^ iO 14 4  2 . 0  15 ± 1 . 0  10 i  1 . 0  R e s i s t a n t  R e s i s t a n t  R e s i s t a n t
150 2 8 . 5± 1 . 5  2 6 . 5  1  0 . 5  22 ± 2 . 0  15 .± L 5  13 ± 2 . 0  10 ± 1 . 5
p<o .d r
V. pa r a h a e mo l y t i c u s  ( 9 )
0129^ 10 No growth 8 . 0  ± 1 . 0  R e s i s t a n t  R e s i s t a n t  R e s i s t a n t  R e s i s t a n t
150 No growth 2 1 . 3  4  1 . 9  18 4  1 . 6  16 1 4 . 7  4  0 . 9  1 3 . 3 t  1 . 9  P<0 . 01®
V. m e t s c h n i k o v i i  ( 2 )
J
KEY
c o n c e n t r a t i o n  In pg ml*^
mean based on 9 t e s t  r e s u l t s
mean based on 7 t e s t  r e s u l t s
mean based on 5 t e s t  r e s u l t s
* p r o b a b i l i t y  t h a t  a t  t h e  0 . 0 1 % l e v e l  the  
F v a l u e  e x c e e d s  t h e  t a b u l a t e d  v a l u e s
5 F « 4 . 1 8 ,  5 / 5 8  d e g r e e s  o f  freedom
6 ‘ F » 6 . 5 2 i  5 / 5 8  —  «
7 F - 3 3 . 4 1 ,  5 / 3 4  - " "
8  F -  9 . 1 7 ,  4 / 4 0
( ) ■ Number o f  s t r a i n s
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su rv ive  only short periods in  the environment. Recently 01 cholera  
strains have been i so la te d  which f a i l  to produce cholera-like toxin, 
surv ive  and apparently m u l t i p l y  in brackish water w h i l s t  th e ir  
p a th o g en ic ity  f o r  man has not been e s ta b l ish e d .  Thus, w ith in  V. 
c h o le r a e  01 t h e r e  are s t r a in s  which p ossess  t h e  a b i l i t y  to  c o lo n i s e  
the small i n t e s t i n e  and produce disease  in addition to strains with a 
propensity to maintain themselves in the aquatic  environment. Similar 
p ro p er t ie s  a re  d isp layed  by non 01 c h o le r a e  s tr a in s .  Since  
eco log ica l ly  both habitats are  entire ly  d i f f e r e n t  i t  was of  in terest  
to determine:
(a) whether 01 and non 01 s e ro ty p e s  had comparable su r v iv a l  
potentials
(b) whether a virulent human pathogenic cholera vibrio  possessed the 
a b i l i ty  to compete successfu l ly  with avirulent aquatic cholera vibrios  
under simulated aquat ic  conditions.
1.5.1 Survival characteristics  of 4 ^  cholerae strains
Preliminary experiments examined the survival characteristic  of 4
V ib r io  s t r a i n s  in  1/4 s tren gth  Ringer ’s s o lu t io n  h e ld  a t  25^0 in  th e  
dark. The strains examined included a c l a s s i c a l  toxigenic 01 cholera 
v ib r io  (569B), an 01 nontox igen ic  c h o le r a  v ib r io  i s o la t e d  from 
brackish water (5692) a non 01 toxigenic  cholera vibrio  i so la te d  from 
a d iarrhoeal p a t ie n t  (4) and a non 01 nonpathogenic  cholera  v ib r io  
i s o l a t e d  from brackish water (RRD). The experim ental pro ced u re  i s  
described on page 140 and the resu lts  obtained are graphically i l l u s t r a t e d  
in  Fig 30. Over the sampling  period (28 days) the counts of a l l  four 
strains decreased dramatically. The die o f f  rates for  the toxigenic  
strains d i f f e r re d  from the nontoxigenic strains. After 14 days strain  
569B was no t  recoverab le  from the  s im p le  s a l t  s o l u t i o n  even a f te r  
membrane f i l t r a t i o n  of a 50ml sample. Sim ila r ly  s t r a i n  4 exhibited a 
rapid d ie  o f f  r a t e  and only low number were recovered by membrane 
f i l t r a t io n  a f t e r  28 days. In contrast the nontoxigenic environmental 
strains survived in greater numbers and were read i ly  recoverable  after  
28 days s to r a g e .  The r e s u l t s  t h e r e f o r e  i n d i c a t e d  th a t  a d i f f e r e n c e
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between s t r a in s  in their  a b i l i ty  to  survive in a simple s a l t  solu t ion  
existed .
1.5.2. Competition s tud ies  on toxigenic  and nontoxigenic cholerae
Tne e f fe c t  of glucose l i m i t a t i o n  in a continuous flow chemostat a t  
a d ilution  rate of 0.05h""^  was investigated using the same 4 strains  
examined in the surv ival  studies. In the f i r s t  s e r i e s  of experiments 
s tr a in s  5962, 4 and RRD were sep a ra te ly  in ocu la ted  in to  e s ta b l ish e d  
steady state  populations of 4, and 4 respectively. The resu lts
of two mernbered mixed culture competition experiments i s  given in Fig 
31. In experiment a, a s te a d y  population of s tr a in  4 was e s ta b l ish e d .  
The count  of  s tr a in  4 ranged from 2.20 to  2.9 x 10^ over  the  f i r s t  3 
days. On day 4 t h e  f l a s k  was i n o c u la t e d  w i t h  10m is  o f  an 
exponentially growing culture of strain  5962 (5^ x 10?) and after  a 2 
hour period of c lo sed  cu ltu re  growth the f r e sh  medium flow  was 
i n i t i a t e d  and the f la s k  sampled for  v ia b le  count d eterm in ation s.  
Subsequent samples (lOmls) were removed daily and the number of each 
vibrio  type enumerated. On the third day of mixed culture the number 
of  s tr a in  4 v ib r io s  d e c l in e d  w h i ls t  s tr a in  5962 v ib r io s  numbers 
increased . This  trend was continued over the  remaining sam pl ing  
pe r iod .  Thus over th e  11 day p e r io d  of  mixed c u l t iv a t io n  the 01 
n ontox igen ic  cholera  v ib r io  (5962) was more c o m p etit iv e  than the  
t o x i g e n i c  non 01 cholera s tr a in s .  A s im i la r  r e s u l t  (Fig 31) was 
obtained when a nontoxigenic non 01 strain  (RRD) was inoculated in to  a 
steady s ta t e  population of  s tr a in  4 (ex p e r im en t  c). The more 
c o m p e t i t i v e  a v ir u le n t  s tr a in  (RRD) increased  in  number w h i l s t  the  
poorer competitor (the pathogen) was slowly washed out of the system.
In ex p e r im en t  (b) a steady s t a t e  population o f  s tr a in  569B was 
e s ta b l ish e d  and on th e  f o u r t h  day 10mis of  an e x p o n e n t i a l l y  growing  
cu ltu re  of s tr a in  4 was i n o c u l a t e d  in to  t h e  f l a s k .  In t h i s  mixed 
c u l t u r e  s tr a in  4 appeared t o  have the  c o m p e t i t i v e  growth advan tage  
over strain 569B. Consequently over the 11 day sampling period 569B 
c e l l  numbers decreased w h i l s t  s tr a in  4 v i b r i o s  numbers in creased .  
Thus under glucose l i m i t a t i o n  in the chemostat at a d ilution  r a t e  of 
0.05 hr"1 a s ign if ican t difference  in competitiveness was noted. Tne 
l e a s t  competi tive  strains were those iso lated  from c l in ic a l  disease
2 4.^
FIG 31 Mixed c u l t u r e  c o m p e t i t i on  exper i ment s  between 
s e l e c t e d  V. c h o l e r a e  s t r a i n s  in  t h e  chemos t a t
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w hilst the more competitive strains were iso lated  from brackish water 
sources.
Vibrios growing in mixed culture were id en tif ied  by plating onto a 
d i f f e r e n t i a l  sucrose n u tr ie n t  agar p l a t e .  S tra in s  which fe rm en ted  
sucrose produced ye llow  c o lo n ie s  w h i l s t  s t r a in s  which f a i l e d  to  
ferment sucrose produced green colonies on the sucrose nutrient agar.
No se le c t iv e  procedures were employed to recover strains. Using the 
d ifferen t ia l  p la te  i t  was only possib le  to  determine colony counts of 
sucrose fermenters and nonfermenters which differed by no more than 
500 organisms. A greater  d i f f e r e n c e  in c e l l  numbers r e su lte d  in  
confluent growth of the dominant organisms on the d ifferen t ia l  plate. 
Since a l l  strains possessed sim ilar an tib io t ic  resistance patterns i t  
was not possible to  se lec t  strains on a n tib io tic  containing media. No 
attem pt was made to  develop a n t ib i o t i c  r e s i s ta n c e  among s tr a in s  
because frequently an tib io tic  res istan t i so la te s  grow more slowly in 
the absence of an tib io t ic  s e le c t io n .  N everth e less  the  d i f f e r e n t i a l  
medium based on sucrose fermentation was considered se n s it iv e  enough 
to d e te c t  th e  t r e n d  in V ib r io  numbers fo l lo w in g  growth  in  n u tr ie n t  
l im i t in g  conditions.
The second s e r i e s  o f  experim ents us ing  the chemostat employed a 
sim ilar d ilution rate and glucose l im ita tion  as the f i r s t  experiment 
but differred in examining strains simultaneously inoculated in to  the 
chem ostat. In Fig 32a, the steady s t a t e  population  observed for  
s t r a i n  4 in th e  chemostat over 14 days i s  dep icted . Fig 32b,c and d 
shows the  outcome o f  mixed c u l t u r e  com petition  experim ents f o r  the  
strains examined. The experimental procedure i s  described in f u l l  on 
page 143. Br ief ly  separate overnight cu l tu re s  grown in  the basal medium 
with added glucose were simultaneously inoculated into  the chemostat 
to  give approximately equal population densities . To ensure cu l tu re s  
were in  e x p o n e n t i a l  growth the  chem os ta t  was operated as  a c lo se d  
system fo r  2 hours; after which the media flow was i n i t i a t e d .  Samples 
were withdrawn d a i ly  and each V ibrio  type enumerated. In a mixed 
c o m p e t i t i o n  ex p e r im en t  between two non 01 cholera  v ib r io s  the  
n on tox igen ic  aquatic  s tr a in  (RRD) was more co m p e tit iv e  than  th e  
toxigenic  c l in ic a l  i s o l a t e  (4; Fig. 32b). S im i la r ly  in another mixed
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FIG 32 Mixed c u l t u r e  c o m p e t i t i on  exper i ment s  between
s e l e c t e d  V. c h o l e r a e  s t r a i n s  where t e s t  c u l t u r e s  
were s i m u l t an e o u s l y  i n o c u l a t e d  in t o ,  t h e  chemos t a t
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com p etit ion  experiment an 01 nontoxigenic cholera v ibrio  (5962) was
more competi tive than a non 01 toxigenic  cholera v ibrio  (4;Fig. 32c). 
In c o n t r a s t  mixed c u l t u r e  of  two t o x i g e n i c  s t r a i n s  r e s u l t e d  in  th e  
outgrowth of the non 01 strain (4) over the 01 strain (Fig 32d). Thus 
strain 4, the non 01 toxigenic  c l in ic a l  ^  choelrae iso la te ,  was l e s s  
c o m p e t i t i v e  under g lu co se  l i m i t a t i o n  than two aquatic  v ib r io s  
r epresent ing an 01 nontoxigenic cholera strain and a non 01 strain  but 
was more competitive than a v iru lent 01 cholera strain.
1.6, Application of the APIZYM t e s t  system to characterise v ibrios
The resu lts  obtained with the APIZYM t e s t  system on se lec ted  Vibrio 
s tr a in s  i s  g iven  in  Table 37. The v ib r io s  examined represented  4 
phenons :V. c h o le r a e  01 and non 01 (25); V. p a rahaerno lv t icus  (10); V. 
f l u v i a l i s  (6) and A^  hvdroohila (9). The pattern of resu lts  obtained 
w ith  t h e  APIZYM t e s t  system were n o t  s u f f i c i e n t l y  d i s t i n c t i v e  to  
recognise individual  phenons. Strains within each phenon produce a C4 
and a C8 e s t e r a s e  and a phosphoamidase. Most cholerae s t r a in s  
produce an a lk a l in e  p hospha ta se  w h i ls t  in  ad d it ion  some s tr a in s  
produce acid phosphatase and a B-glucosaminidase. A few cholerae 
s tr a in s  a l s o  produce l e u c i n e  aminopeptidase and try p s in .  The 
occurrence of  s p e c i f i c  enzyme a c t i v i t y  among jh. c h o le r a e  was not 
r e s t r ic t e d  t o  p a thogen ic  types or to b io typ es . More c h o le r a e  
s tr a in s  need to  be examined before the  e p i d e m i o l o g i c a l  v a lu e  of  th e  
APIZYM system can be determined.
None of th e  10 \h_ p a rahae rno lv t icus  s tr a in s  examined could  be 
d i s t i n g u i s h e d  f ro m  jh. c h o le r a e  s t r a i n s .  The a b i l i t y  o f  V. 
parahaernolvticus strains to produce valine aminopeptidase, trypsin and 
B - g a l a c t o s i d a s e  may be u s e f u l  c h a r a c t e r s  f o r  i n t r a s p e c i e s  
d i f f e r e n t i a t i o n  but  aga in  more s tr a in s  need to  be examined. Unlike 
the  other 3 phenons s tudied  f l u v i a l i s  s t r a in s  were unab le  t o  
produce acid phosphatase w h i l s t  most produce a C14 l i p a s e ,  le u c in e  
aminopeptidase and -g lucosidase . S i m i l a r l y  the  nine jL. hvdroohila  
strains resembled the other 3 phenons. However the a b il i ty  to produce 
leucine aminopeptidase, trypsin, FL-galactosidase and B-glucosaminidase 
appeared to  be u se fu l  d i f f e r e n t i a l  ch aracters  f o r  the A. h v d r o o h i l a
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stra in s .
The APIZYM system proved both convenient and simple to  use but was 
o f  l i m i t e d  v a lu e  in t h e  id e n t i f i c a t i o n  o f  V ibrionaceae. The system 
did show some promise in the recognition of individual s t r a i n s  within  
a species. Such s t r a i n s  recognised on th e i r  enzymic profile  did not 
c o r r e la te  w i th  e s t a b l i s h e d  biotypes  or b io log ica l  a c t i v i t y  patterns.
The APIZYM system contained a number of t e s t s  which were negative for  
the Vibrionaceae. The usefulness of the APIZYM system could therefore 
be g r e a t l y  improved i f  m odified t o  exclude  such n e g a t iv e  t e s t s  and 
include t e s t s  more l i k e ly  to be of d ifferen t ia l  value.
1.7 Serotyping of non 01 cholerae .
Of the 107 non 01 V. cholerae s t r a i n s  included in the taxonomic analyses 
75 strains were serotyped by TAJ. Donovan of the Vibrio Reference 
Laboratory, Maidstone. The frequency with which spec i f i c  biological  
a c t i v i t y  occurred w i th  a p a r t ic u la r  s e ro ty p e  i s  g iven  in  Table  38. 
S tra in s  which e l a b o r a t e d  a cholera  - l i k e  t o x in  (CT- l ike)  were 
r e s t r i c t e d  t o  sero typ es  5 . 26, 37? 63? 75 and 81 ; in  a d d it io n  one 
s t r a i n  was rough w h i l s t  another two were not typeable with the current 
d iagnost ic  sera.  CT-like producing strains most frequent ly  serotyped 
as 37. However t h i s  may represent a sampling  b i a s  as  5 serotype 37 
strains were iso lated  from a s ingle  epidemic which occurred in Sudan 
in  1968. The sero typ es  of  the  CT-l ike  producing  s t r a i n s  were not  
e x c l u s iv e  as  s tr a in s  e l i c i t i n g  an e n t e r i t i s  response f r e q u e n t l y  
belonged to  the same serotype. For instance of the 45 s t r a i n s  which 
produced an e n t e r i t i s  response 7 belonged t o  serotype 37. In f a c t  
only serotype 75 was e x c l u s i v e l y  r e s t r i c t e d  t o  CT-l ike  producing 
stra ins .
The serotyp ing r e s u l t s  on 29 s tr a in s  i s o la t e d  from c l i n i c a l  
p a t i e n t s  attend ing  the  Cholera Research  L a b o ra to ry ,  Dacca between 
October 1977 and September 1978 i s  given in Table 39. These 29 strains  
were i so la ted  from patients in  which no other pathogen was recognised; 
consequently they  were considered t o  be th e  c a u s a t i v e  diarrhoea l  
agen t .  Of the 6 c l i n i c a l  s t r a in s  which produced a CT-l ike  t o x i n  5
A55
TABLE 38 The Frequency with  which S p e c i f i c  B io l o g ic a l  A c t i v i t y  
Occurred wi th  Serogroup
B io lo g ic a l a c t i v i t y p a t t e r n
Sero type CT-11 ke. Toxin E n t e r i t i s I n a c t i v e
2 2
5 2 3 1
7 3
12 2 1
15 3 '
15/41 1
20 1
23 1
24 1
26 1 1
30 ^ 1
37 n 7
40 1
49 1
52 1
54 1
61 1
62 1
63 1 1
■ 65 1
71 1 1
75 1
78 ^  1
81 1 • 1
R(3) 1
R
NT*
- 1 
2 ,11 : 2.
T0TAL(74) 20 45 •9
A s t r a i n  producing  an ST-l, ike t o x i n  was n o t  t y p e a b l e  w i th  
t h e  d i a g n o s t i c  sera^
25C,
TABLE 39 S e ro typ ing  and B io l o g ic a l  A c t i v i t y  o f  C l i n i c a l  
V. c h o l e r a e  i s o l a t e s
SEROGROUP BIOLOGICAL 
CT LIKE TOXIN
ACTIVITY ' 
ENTERITIS
■ 5 3
7 3
15 - 3
15/41 1
24 - 1
37 • . 5 6
71 - 1
81 ' 1
NOT TYPEABLE ■ 1 4 .
TOTAL (29) 6 23
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belonged to  serotype 37 and a s in g le  s tr a in  was non-typeable. Since  
t h e s e  5 s tr a in s  were i s o l a t e d  over a seven month period they  were 
u n l i k e l y  to  have been e p i d e m i o l o g i c a l l y  a sso c ia te d .  Of th e  23 
e n t e r i t i s  producing s tr a in s  examined, 6 belonged to serotype 37. 
Other sero typ es  represented  by the e n t e r i t i s  producing s tr a in s  
included 5, 7 , 15, 15/41 , 24, 71 and 81 ; 4 e n t e r i t i s  s t r a in s  were 
untypeable.
S ix te e n  s tr a in s  (21.3%) f a i l e d  t o  rea ct  w i th  the  d i a g n o s t i c  sera  
r e p r e s e n t i n g  a l l  84 serotyp es . Of th ese  16 nontypeable s t r a in s  9 
belonged to  Heiberg type I and 6 s t r a in s  to  Heiberg type V. The 
majority of nontypeable strains (11) produced an e n te r i t is  response in 
animals w hilst  2 were without b io log ica l  activ ity .
D I S  c u s s I 0
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DISCUSSION
1.1 Experimental pathogenicity  of v ib r io s
As reviewed in  t h e  I n t r o d u c t i o n  NCVs have been a s s o c i a t e d  w i th  
d i a r r h o e a l  d i s e a s e  s in c e  the  beg inn ing  of  th e  20th  Century. This  
a s s o c i a t i o n  was i n i t i a l l y  considered as  a mere chance occurrence  
because most NCVs appeared to  be f re e  l iv in g  aquat ic  organisms. With 
the  e lucidat ion ,  f a c i l i t a t e d  by the use of appropriate  animal models, 
of the  p a th o g e n e s i s  of  c h o le r a  an assessm ent of  the  p a thogen ic  
p o te n t ia l  of NCVs a s s o c i a t e d  w ith  d i a r r h o e a l  d i s e a s e  was made 
p o s s i b l e .  Before d i s c u s s in g  th e  r e s u l t s  of  the  b i o l o g i c a l  a c t i v i t y  
t e s t i n g  on NCVs a c l a r i f i c a t i o n  of  terms and th e ir  meanings i s  
required.
1.1.1. C la r i f ic a t io n  of  th e  terras  enteropathogenic, enterotoxigenic  
and enterotoxins
Diarrhoeal disease i s  the most (%%nmon way in which disorders of the 
g a s t r o i n t e s t i n a l  t r a c t ,  o f  b a c t e r i a l  o r i g i n ,  a r e  c l i n i c a l l y  
m a n i fe s te d .  The term e n t e r o p a th o g e n ic  i s  used t o  d escr ib e  the  
organism's v iru lent nature whereas i f  the symptoms produced by a 
b a c te r ia l  tox in  the re sp o n s ib le  bacterium i s  termed enterotoxigenic  
and the  to x ic  product an en tero to x in . Craig (1972) introduced th e  
a l l i t e r a t i v e  term e n t e r o t o x i c  en tero p a th ies  t o  d e s c r i b e  "acute 
diarrhoeal d ise a se  of man or a n im a ls  in  which th e  f lu id  l o s s e s  i n t o  
the gut are caused by an exotoxin elaborated by the causative microbe 
which c o lo n is e s  t h e  lumen of  the  bowel bu t  does n o t  invade th e  
mucosa". Since the exotoxin was elaborated  lo c a l ly  in the gut lumen 
and in  natural d ise a se  ac ted  only l o c a l l y  on the  gu t  ep ith e liu m  the 
exotoxin  was termed an e n t e r o t o x in .  According to  Craig (1972) 
en tero to x in s  c h a r a c t e r i s t i c a l ly  induce a tem porary r e v e r s i b l e  
funct ional  defect in  in te s t in a l e p ith e l ia l  c e l l s  involving water and 
e l e c t r o l y t e  transport w ith o u t  c a u s i n g  any s t r u c t u r a l  damage. 
Exotoxins which cause structural damage (sometimes gross c e l l  l y s i s )  
to  i n t e s t i n a l  mucosal c e l l s  are regarded as cytotoxins. The singular  
r o l e  of  cy to to x in s  in d iarrhoeal d ise a se  i s  y e t  to  be c le a r ly
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e s t a b l i s h e d .  Undoubtedly c y t o t o x i c  damage occurs  in  th e  sm a l l  and 
la r g e  i n t e s t in a l  mucosa a s so c ia te d  w ith  s h ig e l la e ,  s ta p ü ïo c o c c i ,  
c lo str id ia  and salmonellae in man and on exposure to culture f i l t r a t e s  
in experimental animals. However purified cytotoxins have either not 
been used or where they have been used they have f a i l e d  to  g iv e  a 
diarrhoeagenic response. Thus the unique and most s ig n i f i c a n t  
property of a l l  e n tero to x in s  i s  to  cause, by a mechanism other than 
structural damage, f lu id  and e lec tro ly te  secretion on exposure to the 
small i n t e s t i n a l  mucosa.
From a bacterial culture f i l t r a t e  i t  i s  possible to d if fe r ie n t ia te  
a number of to x in s  by th e ir  general p r o p e r t i e s  and by d if fe r e n c e  in  
t h e i r  t o x i c  a c t i v i t i e s  as demonstrated, e i th e r  by various animal  
models of d ise a se  or other a ssay  sys tems.  For t h i s  reason Burrows 
( 1968) considered t h e  term cholera  tox in  to  be in exact  lead in g  t o  
confusion as to  what i s  meant by ’toxinh In some instances the term 
tox in  has been used to  d escr ibe  th e  p ro p er t ie s  o f  a b a c t e r i a l  
f i l t r a t e .  In t h e s e  in s ta n c e s  i t  i s  in ferred  t h a t  th e  a c t i v i t i e s  o f  
the culture f i l t r a t e  are due to  a s ing le  substance. However a s ingle  
a c t i v i t y  e.g. l e t h a l i t y  may be shared  by s e v e r a l  components of  a 
b a c te r ia l  f i l t r a t e .  For th e s e  r e a so n s  i t  i s  e s s e n t ia l  t h a t  to x ic  
a c t i v i t i e s  found in  c e l l  f r e e  s u p e r n a t e n t s  be in ter p r e ted  w ith  
c a u t io n .  Some b a c t e r i a  produce both  c y to to x in s  and e n te r o to x in s  
(Wadstrom ejt 1976). The r e la t iv e  con tr ib u tio n  in  the  d ise a se  
process made by each tox in  type i s  o f ten  unclear. Furthermore the  
detection of enterotoxins in culture supernatents i s  of ten hampered by 
the simultaneous presence of cytotoxins. The research which led up to 
es tab l i sh ing  the ro le  of a cholera enterotoxin in the pathogenesis of 
cholera provides a pertinent background to  t h i s  discussion.
Many extracellu lar products can be found in cu l tu re  supernatents of  
V. cholerae 01 in c lu d ing  cholera  en tero tox in  ( F i n k e l s t e i n ,  1973), 
proteases, mucinases, (Burnet and Stone, 19^7) neuraminidase (Burnet, 
1948), lipopolysaccharide (Pike & Chandler, 1975) and haemagglutinins 
( Jones ,  1977). M u c in o ly t ic  a c t i v i t y  o f  V. c h o le r a e  f i l t r a t e s  was 
d i s c o v e re d  by Burnett and Stone (19^7) and was a sso c ia te d  w ith  the  
a b i l i t y  to  bring about desquamation of i n t e s t i n a l  epithelium in v i t ro .
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At t h a t  t im e  th e  p a th o g e n e s i s  of  c h o le r a  was c o n s id e re d  to  be 
dependent on e p i t h e l i a l  detachment thus the f in d in g  o f  mucinase 
a c t i v i t y  was h igh ly  s ig n i f i c a n t  (Lankford, I 9 6 0 ) .  That cholera  
v ibrios  possessed a diarrhoeagenic factor was f i r s t  indicated by the 
work of De (1959) and Dutta ^  al.., (1959). However Jenkins and Rowley 
(1959) considered that the outpouring of f lu id  observed in the ligated  
i l e a l  loop model was the r e s u l t  of  three fa c to r s ,  l a c t i c  ac id ,  
mucinase and lipopolysaccharide e ndo tox in ,  a c t i n g  con certed ly . The 
roles of la c t ic  acid and mucinase in the pathogenesis of cholera were 
excluded by studies conducted by Formal ^  al . ,  (1961) and Finkelstein  
e t  a l . ,  (1966) r e s p e c t i v e l y .  The a v a i l a b i l i t y  of a s u i ta b le  animal  
model of  c h o le r a  f a c i l i t a t e d  s t u d i e s  and e v e n t u a l l y  l e d  to  the  
p u r i f i c a t i o n  of  a d i a r r h o e a g e n i c  f a c t o r ,  i n i t i a l l y  referred  to  as  
cholera enterotoxin but now simply as cholera toxin. Using purified  
c h o l e r a  e n t e r o t o x in .  F i e l d  (1971) d em o n stra ted  t h a t  t h e  
symptomatology of cholera was due to  the action of cholera toxin which 
induced ac t ive  secretion of e lec tro ly tes  and subsequently water lo ss  
from th e  mucosal e p i t h e l i u m .  The r o l e  of  the  other e x t r a c e l lu la r  
products remain t o  be e s ta b l ish e d .  P r o te a s e s ,  r e l e a s e d  by c h o le r a  
vibrios, breakdown immunoglobulin A (Haserang ^  , 1977) and serve s
n u tr i t io n a l  r o l e  (Schneider & P ark e r ,  1976). Adhesins s e rv e  to  
l o c a l i s e  cholera vibrios in the milieu of the small in tes t in e  (Jones,
1977). A direct enterotoxic function of these extracellu lar products 
remains to be shown.
The amalgamation  of  many r e s e a r c h  f i n d i n g s  p rov ided  c o n c lu s iv e  
evidence th a t  a s i n g l e  prote in  exotox in , c h o le r a  to x in ,  was the  
c h o le r a g e n ic  fa c to r  r e s p o n s i b l e  f o r  the  symptoms o f  th e  d i s e a s e  
(F inkels te in ,  1973 and 1976). Many other  e n te r ic  pathogens have since 
been shown t o  produce p rote in  exo tox in s  cap ab le  of  s t i m u l a t i n g  
s e c r e t i o n  of  in t e s t in a l  f l u i d  and e l e c t r o ly t e s .  Among the  b e t t e r  
c h a r a c t e r i s e d  e n te r o to x ig e n ic  b a c t e r i a  are E. c o l i . However i t  i s  
evident th a t  a g rea t  deal of confusion e x i s t s  in the l i tera tu re  over 
th e  meaning o f  an en tero to x in . Such confusion  has  led  t o  an 
overwhelming array of enterotoxigenic bac te r ia  being described. Toxin 
nomenclature has trad it ion a lly  been extremely confused (Bonventre e t  
a l . . 1967). In t h i s  study the combination of  c r i t e r i a  o u t l i n e d  by
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Craig  ( 1972) was used to  g e n e r a t e  the  f o l l o w in g  d e f i n i t i o n  of  an 
e x te ro to x in :
An enterotoxin i s  an extracellu lar bacterial protein which acts on 
the i n t e s t i n a l  ep ith e liu m  to  i n i t i a t e ,  by a mechanism other than 
structural damage, f lu id  and e lec tro ly te  secretion.
This d e f i n i t i o n  s t r e s s e s  the  d ir e c t  a c t i o n  of  the t o x in  on th e  
normal f u n c t io n  o f  an e n t e r o c y t e .  I t  d i s t i n g u i s h e s  th e  in d ir e c t  
ac t ion  of some toxins, which produce g a s t r o in t e s t i n a l  disturbances via  
the nervous system e.g. Staphylococcus aureus enterotoxin (Banwell & 
S h e r r ,  1973). The d e f in i t io n  a l s o  exclude  crude cu ltu r e  f i l t r a t e s  
which appear e n tero to x ic  and to x in s  which a c t  by e i th e r  k i l l i n g  or  
lysing the c e l l  (cytotoxins).  Such a rigorous d efin ition  renders the 
routine  r e c o g n i t i o n  of  en tero to x in s  d i f f i c u l t  s in c e  a p u t a t i v e  
en tero to x in  has to be p u r if ie d  to  homogeneity and shown to  a c t  
d ir e c t ly  on t h e  i n t e s t i n a l  tr a c t  by a mechanism other than c e l lu la r  
damage. Clearly such cr iter ia  cannot readily be f u l f i l l e d .  For t h i s  
r e a s o n  b a c t e r i a l  c u l t u r e  f i l t r a t e s  a r e  se ldom  secreened f o r  
e n te r o to x ig e n ic i ty  (sensu s t r i c t o )  but are examined f o r  a c t i v i t i e s  
which r e sem b les  t h a t  of  w e ll  defined  e n tero to x in s  such as cholera  
toxin. This d i f fe rence  i s  subtle and necessary, but of ten overlooked.
Bacterial f i l t r a t e s  whose a c t iv ity  resemble t±mst cholera toxin 
are described as cholera-like toxins. The nature of the resemblance 
to c h o le r a  tox in  should be s p e c i f ie d  as the degree  of  resemblance  
in d ic a te s  the s i g n i f i c a n c e  of  the  o b s e rv a t io n .  An e x t r a c e l lu la r  
substance which produces f l u i d  accu m u la t io n  in  l i g a t e d  i n t e s t i n a l  
loops, s t im u la tes  adenylate cyclase and i s  completely neutralised by 
cholera a n t ito x in  s i g n i f i e s  a g r e a t e r  resemblance to  cholera to x in  
than a substance which only induces f l u i d  accumulation in  the  
i n t e s t in e  or induces m orphological changes in  t i s s u e  c u l t u r e  c e l l  
l i n e s .  To in d ic a te  th at a l l  the  c r i t e r i a  fo r  the d es ig n a tio n  of  an 
enterotoxin have not been met the su ff ix  ’l i k e ’ should be used. Thus 
an unpurified  b a c te r ia l  c u l t u r e  f i l t r a t e  w i th  the  above d e s c r ib e d  
p ro p er t ie s  can be assumed to  contain  an e n t e r o t o x i n - l i k e  su b s ta n c e  
u n t i l  characterisation i s  complete.
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When en te ro to x ic - l ik e  a c t i v i t y  i s  detected  in an unpurified culture 
f i l t r a t e s  o f  a p u ta t iv e  e n te r ic  pathogen the r e s u l t  s i g n i f i e s  the  
p o s s ib le  mechanism of diarrhoea pathogenesis. However the converse 
th at no e n te r o to x ic  l i k e  a c t i v i t y  s i g n i f i e s  l im it e d  d iarrhoeagenic  
p o te n t ia l  does not n e c e s s a r i ly  fo l lo w . The production o f  cholera  
to x in  i s  g r e a t l y  a f f e c t e d  by the  c u ltu r a l  medium and co n d it io n s  of  
incubation . Unfavourable c u ltu r a l  c o n d it io n s  o ften  r e s u l t  in th e  
release by cholera vibrios of small amounts of cholera toxin which may 
not be detected by many assay systems. The s e n s it iv ity  of enterotoxin 
assay system to cholera toxin ranges from 4ug in the adult mouse to 1 
ng in  th e  rabb it  skin assay ( F i n k e l s t e i n ,  1973). Thus a n e g a t iv e  
r e s u l t  in  an en tero to x in  assay  can be in tre p r e ted  i n  terms of the  
i n s e n s i t i v i t y  of  th e  a s say  and/or th e  employment of  unfavourable  
cultural conditions. To overcome t h i s  negative response concentration 
t e c h n iq u e s  a r e  a p p l i e d  to  c u l t u r e  f i l t r a t e s .  Since most techniques 
concentrate most of the extracellu lar proteins present  in  the culture 
f i l t r a t e  th e  s i g n i f i c a n c e  of  r e s u l t s  obtained w i th  concentrated  
culture f i l t r a t e s  requires cautious interpretation. In some instances  
t h e  s i g n i f i c a n c e  of  an e n te r o to x in - l ik e  substance i s  sought  by 
investigating the immune response following in fec t ion .  I t  i s  inferred  
th a t  an antibody response i s  i n d i c a t i v e  of  th e  con tr ib u tio n  o f  i t s  
homologous antigen in the pathogenesis of the disease.  Whilst  i t  i s  
acknowledged t h a t  an antibody response to  cholera  to x in  f o l lo w s  
i n f e c t i o n  w ith  El Tor v ib r io s  (Levine e f  a l . ,  1979) i t  i s  a lso  
acknowledged t h a t  an antibody response can a lso  be demonstrated to  the 
El Tor haemolysin (Ai a^gon & Famatiga, 1964). Such f indings  deprecate 
t h e  e x c lu s iv e  importance of th e  immune response as an index of  a 
toxin’s v ir u le n c e .
1.1.2. Criteria for  recognising en te r ic  pathogens
Diarrhoeal d iseases  are caused by a variety of e n te r i c  pathogens. 
Some of  th e s e  pathogens  a r e  unequivocally  accep ted  as e n te r ic  
pathogens (3L. cholerae 01; ^  tv o h i : salmonellae; shigellae) -  the so 
c a l l e d  c l a s s i c a l  d i a r r h o e a l  agents. More r e c e n t ly  v a r io u s  o t h e r  
b a c t e r i a  have been i n c r i m i n a t e d  in  the  a e t io lo g y  of diarrhoea. The 
ev idence  f o r  th e ir  p a t h o g e n i c i t y  v a r ie s  w ide ly .  Since one of  th e
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aims of  t h i s  p r o j e c t  was to  c h a r a c t e r i s e  v ib r io s  a s s o c i a t e d  w i th  
d iar rhoeal  disease  i t  i s  impera tive to  review the c r i t e r i a  necessary 
for  e s tab l i sh ing  the diarrhoeagenic po ten t ia l  of an organism.
The evidence  n e c e s sa ry  to  e s t a b l i s h  t h a t  a p a r t i c u l a r  d i s e a s e  i s  
caused by a sp e c if ic  pathogen was orig ina lly  promulgated by Koch and 
ad m irab ly  reviewed r e c e n t ly  by Wilson and M iles  (1975). Koch’s 
pos tu la tes  (Wilson and Miles, 1975) s ta t e :
(1) The organism should be found in  a l l  cases  of th e  d ise a se  in  
question and i t s  d i s t r i b u t io n  in the body should be in accordance with 
the le s ions  observed.
(2) The organism should be cultivated outside the body of the host in 
pure cu l tu re ,  for  several generations.
(3) The organism so i s o la te d  should  reproduce th e  d ise a se  in  other
suscep t ib le  animals.
The a p p l i c a t i o n  of  th e se  p o s tu la te s  t o  p u t a t i v e  diarrhoea l  
pathogens i s  problematical primarily because symptoms of the disease  
( t h e  d ia r r h o e a )  are  n o t  s p e c i f i c  t o  a p a r t i c u l a r  o r g a n i s m .  
Nevertheless certain l i n e s  of evidence are sought to  confirm a causal 
association between a microorganism and the diarrhoea and these w i l l  
now be considered.
The recognition of a new diarrhoeal  pathogen fo llow s an epidemic of 
diarrhoeal disease in which the c l a s s i c a l  d iarrhoeal  pathogens are not 
i s o la t e d  but another organism predominates. S t a t i s t i c a l  evidence 
which compares the  comparative r a t e  of  i s o l a t i o n  from c a ses  and 
controls of th is  newly recognised pathogen, i s  then sought. In some 
instances the immunological response t o  th e  homologous organism i s  
determined w h i l s t  in  other ins tances  at tempts  are  made to reproduce 
the disease  experimentally  in human or in animals.  This sequence of 
s teps  i s  exemplified by the l itera tu re  on V. narahaemolvticus (much of 
which was reviewed in the Introduct ion) .  Isolated, sporadic, s ing le  
cases of diarrhoea of unknown aetiology are normally not extens ive ly
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s tu d i e d  because of  th e  d i f f i c u l t y  of  making s t a t i s t i c a l  inferences.  
At tem pts  to  compare th e  organ isms  i s o l a t i o n  r a t e  among c a se s  and 
controls assumes tbat lüxxse infected witb lüie organism w:ULl develop 
symptoms c f  tbe i l ln e s s .  This assumption i s  not normally confirmed. 
For in sta n ce  the spectrum of d ise a se  fo l lo w in g  in fe c t io n  w ith  V. 
cholerae  01 i s  w ide,ranging  from acute d iarrh oea l d ise a se  to  no 
abdominal discomfort whatsoever. ]R%r th is  reason attempts are made to 
reproduce the disease experimentally but th is  again i s  problematical. 
Human v o lu n teer  s tu d ie s  are co n c lu s iv e  when p o s i t iv e  r e s u l t s  are  
obtained but inconclusive when the resu lts  are negative. "10 reproduce 
an analogous disease in animal models i s  also complicated. As pointed 
out r e c e n t l y  (WHO S c i e n t i f i c  Working Group, 1980) there i s  no 
i n t e r n a t i o n a l l y  a c c e p te d  c r i t e r i o n  o f  e n t e r o p a t h o g e n i c i t y  or 
e n te r o to x ig e n ic i ty .  V ariab les  such as inoculum s iz e ,  c u ltu r a l  
co n d it io n s  and t h e  s e n s i t i v i t y  of th e  assay g r e a t l y  a f f e c t  the  
resu lts .
In a d d it io n  t o  Koch’s p o s tu la te s  t h e  immunological response  
fo l lo w in g  c l i n i c a l  i l l n e s s  i s  a va lu ab le  c r i t e r io n  b u t  t h e r e  a re  
p i t f a l l s ,  too, in using immunological cr iter ia .  Often a c i r c u la to ry  
antibody response i s  sought when a secretory antibody response i s  mcro 
appropriate. Furthermore an increased antibody response to a particular  
m ic r o b ia l  a n t ig e n  d u r in g  th e  c o u r se  o f  th e  d i s e a s e  does  n o t  
necessarily  convict the microorganism, possessing that antigen, as the 
a e t i o lo g i c a l  agent. The antibody response may have been to  a 
secondary invader or toxin  e.g. co n fe r  the  an t ibody  response to th e  
El Tor haemolysin (Aragon & Famatiga, 1964). Immunological data which 
shows a p r o t e c t i v e  e f f e c t  of antibody s p e c i f i c  t o  a p a r t ic u la r  
b a c t e r i u m  or  t o x i n  p r o v i d e s  su p p o r t in g  b u t  n o t  c o n c l u s i v e  
incriminating evidence unless the antiserum has been raised to a pure 
b a c te r ia l  cu ltu re  or p u r i f i e d  b a c te r ia l  t o x in .  F u r the rm ore  i t  i s  
f e a s i b l e  f o r  two d iarrhoeal pathogens t o  be present in  an in fe c te d  
individual .  Many diarrhoeas have been attributed to  various enteric  
bac te r ia  simply because a v i r a l  aet iology was not suspected. This i s  
e s p e c ia l ly  true f o r  some p e d ia tr ic  d iarrhoeal outbreaks during th e  
period 1950-60 which were attributed to enteropathoEenic E. c o l i  where 
c l in ic a l ly  the disease resembled in fection s  with rotaviruses (McNulty,
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1978) Some of the problems mentioned above in  e s ta b l i s h in g  the  
enteropathogenici ty  of a suspect organism was recently encountered in 
Bangladesh where a possible diarrhoeagenic role was postulated for IL 
f l u v i a l i s  (Huq e t  , 1980a).
I t  i s  thus, at present, extremely d i f f i c u l t  to produce a coherent 
protocol and minimum standard methods for the recognition of diarrhoeal 
pathogens. In t h i s  study th ere fo re  the approach has been to  use a l l  
a v a i la b le  methods of in v e s t ig a t in g  th e  p a t h o g e n i c i t y  of  p u ta t iv e  
diarrhoeagenic v ibrios and biochemically sim ilar aquat ic  i so la te s .  A 
discussion on the experimental pathogenicity of the strains included 
in t h i s  study now follows.
1.1.3. Spectrum of biological a c t iv ity  among non 01 cholerae .
The observed experim ental p a th o g en ic ity  of t h e  MCVs included in  
t h i s  s tudy was separated i n t o  4 d i s t i n c t  groups.  S tra in s  were 
categorised depending upon whether they produce: a cholera-like toxin;  
a h e a t  s t a b l e  to x in  (S T - l ik e ) ;  e n t e r i t i s  w ithout demonstrable  
e x t r a c e l lu la r  t o x in  or p ossessed  no e n t e r o p a th o g e n ic  p o t e n t i a l .  
S tra in s  which elaborated  a CT-like to x in  were the most s ig n i f i c a n t  
human pathogens. Most strains of th is  class  (87%) were iso lated  from 
human sources. A substantial number of strains (90/140) produced an 
e n te r it is  reaction, without demonstrable  en ter  o t o x in - l ik e  m a te r ia l ,  
characterised by a diarrhoeal response in the infant and adult rabbit 
model. Strains within the e n te r it is  group were mainly iso lated  from 
human sources. Two s tr a in s  produced e x t r a c e l l u l a r  m a t e r i a l  which 
resembled E. c o l i  ST tox in  in  i t s  ra p id ity  of a c t i o n ,  h e a t  s t a b i l i t y  
and b i o l o g i c a l  a c t i v i t y .  Both th e s e  s t r a i n s  were en v i ro n m e n ta l  
i s o l a t e s  from Chesapeake Bay, U.S.A. Only 25 s tr a in s  (17.9%) were 
com plete ly  w ithout a c t i v i t y  in  th e  models i n d i c a t i n g  l im i t e d  
e n te r o to x ic  or enteropathogenic p o te n t ia l .  Of th ese  25 s t r a i n s  21 
were iso lated  from environmental sources. Thus a complete spectrum of 
bio log ica l a c t i v i t y  e x is ts  among non 01 AA cholerae strains. Within 
the strains represented in  t h i s  study CT-like toxin production occurs 
more freq u en tly  in  i s o l a t e s  of  human o r ig in  than  th o se  from the  
aquatic environment. In addition lack of enteropathogenic potential
266
i s  common among IT i s o l a t e s  from w a te r s  t h a t  a r e  not  s u b je c te d  to  
e x te n s iv e  human p o l lu t io n  but rare in  i s o l a t e s  from humans. Both 
e c o l o g i c a l  t y p e s  a r e  o t h e r w i s e  b a c t e r i o l o g i c a l l y  a lm o s t
ind is t ingu ishab le  from each other,
1.1.3.1. Choi e r a - l ik e  toxin production
The 23 strains which produced a CT-like toxin were iso lated  from a 
variety of sources; ? were iso lated  from diarrhoeal patients attending 
the  Cholera h o sp ita l  in  Dacca and 16 were obtained from various  
cu ltu re  c o l l e c t io n s ;  of  these  13 were human a sso c ia te d  i s o l a t e s .  
Included in the 13 stock human iso la te s  were representative strains of  
Czechoslovakian poisoning outbreak (Aldova €^ZLU,1968); tlæ
Sudan waterborne outbreak (Zinnaka, 1971) and a to x ig e n ic  s tr a in  
iso lated  by Robins-Browne e t  ^ . ,1 9 7 7 ) .  Culture f i l t r a t e s  from a l l  23 
strains contained extracellu lar m ate r ia l  which resembled cholera-like  
tox in  a c t i v i t y  in  i l e a l  loop rea ct io n  and t i s s u e  c u l t u r e  response. 
Furthermore the t i s s u e  cu ltu re  responses of a l l  23 s tr a in s  were 
n e u tr a lis e d  by p u r if ie d  c h o le r a  tox in  antiserum; antiserum prepared 
a g a in st  the crude cu ltu re  of one KCV s tr a in  a l s o  n e u tr a lis e d  the  
t i s s u e  c u ltu re  response of the remaining 22 s tr a in s  and p u r if ie d  
cholera t o x in .  Thus e x t r a c e l lu la r  m a t e r i a l  from th ese  23 s tr a in s  
resembled cholera  tox in  both b i o l o g i c a l l y  and immunologically. The 
reactions noted for the Sudan strains were sim ilar to those described 
by Zinnaka and Carpenter (1972). In co n tra st  to  Robins-Browne’s 
observation (1977) strain A3075/76 did not lo se  i t s  a b il i ty  to produce 
CT-like toxin over a 6 month period. In a l l  23 stra ins CT-like toxin 
production was a stable c h a r a c t e r i s t i c ;  strains t e s ted  after periods 
of 6 and 10 months remained toxigenic.  The toxigenic Czechoslovakian 
s t r a i n  and the Sudanese strains were orig inally  iso lated  in 1965 and 
1968 respectively and CT-like toxin production was s t i l l  detectable in 
December 1978.
Fluid accumulation in i l e a l  loops inoculated with whole cultures  
and cu ltu r e  f i l t r a t e s  of  CT-l ike  producing NCVs, was comparable to  
that o b ta in ed  by other workers. In t h i s  study the mean loop  r a t io s  
obtained following exposure to  whole c u ltu r e s  and c u ltu r e  f i l t r a t e s
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were 0.68 and 0.74 ml cm""  ^ r e s p e c t i v e l y .  Sack (1973) c o n s id e re d  a 
loop reaction greater than 0.2 ml cm"^  to be p osit ive  w h ilst  Zinnaka 
and Carpenter (1972) recorded loop r a t io s  which ranged from 0.41 -  
1.28 ml cm fl. I t  should be noted th a t  in  t h i s  study the i l e a l  loop  
procedure c o n s is te d  o f  preparing 10-15 l ig a te d  loops o f  averaging  
length 5 cms and sacr ific in g  the t e s t  rabbit after 12 hours (see page 
111). In most other studies between 6-10 loops are prepared and t e s t  
ra b b its  are k i l l e d  a f te r  18-24 hours. Thus the s l i g h t l y  low er loop  
r a t io s  obtained in  t h i s  study can be a t tr ib u te d  to  the shorter  t e s t  
incubation  p e r iod .  The f l u i d  which accumulated in i l e a l  loop s  was 
s l i g h t l y  pink in  colour but o th erw ise  was c le a r  and s im i la r  to the 
r ic e  water f l u i d  o b ta in e d  f o i l o w i n g  exposure  to  p u r i f i e d  c h o le r a  
toxin.
Three toxigenic stra ins were used to determine the i n i t i a l  cultural 
c o n d it io n s  f o r  tox in  production. In t h e s e  prelim inary experim ents  
s t r a i n s  w ere grown in  n u t r i e n t  b ro th ,  t r y p t i c a s e  soy  b ro th  
supplemented with 0.6% yeast e x tr a c t  and Casamino acid  medium (CAS; 
Kusarna & Craig, 1970) a t  30°C s ta t ic a l ly ,  and with shaking a t  120 cpm 
fo r  18 hours. After incubation the concentration of toxin present in 
s t e r i l e  c u l t u r e  s u p e r n a t e n t  was determined by t i t r a t i o n  in  adrenal 
c e l l  l in es .  All s ta t ic a l ly  grown culture f i l t r a t e s  were cytotoxic  to  
adrenal c e l l s ;  in some instances c e l l  death was evident  as ea r ly  as 6 
hours but always was detec table  by 18 hours. In con t ras t  cyto tox ic ity  
was not  noted in cu l tu re  f i l t r a t e s  prepared from shaken cultures even 
after 36 hours incubation. Morphological changes consistent with CT 
a c t i v i t y  were d iscerned poorly by 6 hours  bu t  c l e a r l y  by 18 hours  
incubation . C h o lera - lik e  t o x in  t i t r e s  were g r e a te s t  in  c u l t u r e  
f i l t r a t e s  prepared from th e  CAS medium. For t h i s  reason a l l  
subsequent c u l t u r e  f i l t r a t e s  f o r  tox in  t e s t in g  were p rep a red  from 
strains grown in the CAS medium for  18 hours a t  30^C and shaken a t  120 
cpm. The t i t r e  of  CT-l ike  to x in  produced by the  to x ig e n ic  MCVs was 
sim ilar to that produced by freshly isolated  El Tor cholera v ibrios  : 
in  bo th  in s ta n c e s  th e  end p o i n t  of t i t r a t i o n  occurred a f te r  9 to  11 
ser ia l twofold dilutions. Although cu l tu re  f i l t r a t e s  from a l l  140 non 
01 V. c h o le r a e  were prepared in  t h i s  fa sh ion  and t e s te d  in  a l l  the  
appropriate assays , cu ltu re  f i l t r a t e s  were a lso  prepared from 100
s t r a i n s  incuba ted  under s t a t i c  growth conditions. These s t a t i c a l l y  
derived f i l t r a t e s  were tested for CT-like toxin by an IIJSA assay in 
which cholera toxin antiserum tzas coated to the w e lls  of m icrotitre  
plates (SackjetjaL, 1980). Complete concordance between the a c t iv ity  
of the s ta t ic  and shaken derived culture f i l t r a t e s  was noted.
The a b i l i t y  of cu ltu r e  f i l t r a t e s  t o  e l i c i t  f lu id  accu m u la t io n  in  
t h e  i l e a l  l o o p  was n o t  c o r r e l a t e d  w ith  t h e  p r o d u c t io n  o f  a 
h a e r a o r r h a g i c  l e s i o n  in  th e  r a b b i t  sk in  a s sa y .  In  f a c t  t h e  
haem orrhag ic  a c t i v i t y  occurred independently of th e  i l e a l  loop  
a c t iv ity  suggesting th a t  the factor(s) responsible fo r  each response 
was unrelated. Sim ila r ly  the e x t r a c e l lu la r  factor(s) responsible for 
mouse l e t h a l i t y  was unrelated to the i l e a l  loop reactive factors and 
th e  haem orrhag ic  fa c to r s .  The e x t r a c e l l u l a r  i l e a l  loop r e a c t iv e  
factor was highly co r re la ted  to  the f ac to r  which induced morphological 
changes in t i s s u e  cu l tu re  c e l l  l in es  and to  the factor which increased 
s k in  p e r m e a b i l i t y .  S ince  th ese  three separate  a c t i v i t i e s  of  the  
culture f i l t r a t e s  were neutralised by purified cholera toxin antiserum 
i t  i s  in fe r red  that these a c t iv i t i e s  are different manifes ta t ions  of 
t h e  same to x ic  f a c t o r .  This f a c t o r  was considered t o  be a CT-like  
enterotoxin.
1.1.3.2. ST-l ik e  toxin  production
Two NCV s tr a in s  i s o la t e d  from the Chesapeake Bay area of the USA 
elaborated extracellu lar material which was only active  in the i l e a l  
loop  and t h e  i n f a n t  mouse assay. These s tr a in s  (VI5 f  VI9) were 
kindly donated by Professor Rita Colwell and were reported to give a 
po s i t iv e  Y1 adrenal c e l l  response but a variable i l e a l  loop response 
(Kaper e t ^ , ,  1979). In t h i s  study a c o n s is te n t  p o s i t i v e  i l e a l  loop  
response was obtained with both whole cultures and cu l tu re  f i l t r a t e s ;  
th e  mean loop r a t i o s  obtained from 12 o b s e r v a t i o n s  us ing  s t e r i l e  
c u l t u r e  f i l t r a t e s  was 0.65 and 0.59 ml cm'"'' f o r  V I5 and V I 9 
respectively. Furthermore s t e r i l e  cu ltu r e  f i l t r a t e s  e l i c i t e d  f lu id  
accumulation in  th e  s u c k l in g  mouse assay; r a t io s  o f  gut  w e ig h t  to  
rem ain ing  body w eight were g r e a t e r  than  0.115 f o r  both s tr a in s .  Mo 
morphological changes were noted when culture f i l t r a t e s  were screened
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in  th e  Y1 ad re n a l  and th e  CHO c e l l  l i n e s .  The e n t e r o t o x i c  a c t i v i t y  
contained in crude culture f i l t r a t e s  was res istan t to boiling at  
lOO^C for  15 minutes and th e r e fo r e  resembled the heat s ta b le  (ST) 
e n t e r o t o x i n  o f  E. c o l i . Other s i m i l a r i t i e s  t o  ^  c o l i  ST tox in  
included the k inetics  of the i l e a l  loop response and d ia ly sa b ility .
The d iscordance in  the r e s u l t s  on th ese  two s tr a in s  (VI5 and VI 9) 
between t h i s  study and th a t  o f  Kaper e t  ^ . , ( 1 9 7 9 )  may be r e la te d  to  
the d i f f e r e n t  c u ltu r a l  co n d it io n s  employed. In t h i s  study the two 
strains were grown in CAS medium and shaken at 120 cpm w hilst  Kaper ^  
.&L;(1979) grew these 2 strains s t a t i s t i c a l ly  in brain heart infusion  
broth. In t h i s  study i t  has been noted t h a t  s t a t i c  c u ltu r a l  
conditions favour the production of c y to ly t i c  toxin(s). The presence 
o f  c y t o l y t i c  to x in s  in cu ltu re  f i l t r a t e s  may very w e ll  obscure  
enterotoxic a c t iv ity .  The significance c f  am ST-like toxin in these  
two MCVs i s  unclear. Although strains of ^  co l i  which produce an ST 
to x in  are important e n te r ic  pathogens of anim als and man a human 
diarrhoeagenic ro le  for  the ST-like toxin in  these environmental MCV 
i so la te s  remains to be established.
1.1.3.3. E n t e r i t i s  production in rabbits
By defin ition  enteropathogenic NCV strains were only ac t iv e  in the 
b io lo g ic a l  models when whole c u ltu r e s  were te s te d  and the  response  
observed was termed an e n t e r i t i s .  The m ajority  o f  MCVs produced an 
e n t e r i t i s  response. Of 115 MCV s tr a in s  which lacked d e m o n s t rab le  
extracellu lar entero toxic  a c t i v i t y  94% (58/62) of human associated and 
only 60% (32/53) of environmental iso la te s  were enteropathogenic. The 
distinction  between strains on iso la tion  source was not absolute s ince 
strains which were iso lated  from water samples in Bangladesh may very 
w e l l  have o r ig in a ted  from a human h o s t .  N e v e r th e le s s  even by 
separating  t h e  MCV s tr a in s  in  t h i s  manner human a sso c ia te d  s t r a in s  
almost invariably produced an e n te r i t is  response w h ilst  the response 
in environmental strains was more var iab le .
MCVs which produced an e n te r it is  reaction were subdivided into 5 
subgroups on th e  b a s is  of  a c t i v i t y  in t h e  in fa n t  rab b it,  i l e a l  loop
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and r a b b i t  skin assay (see page 150). The majori ty  of en te r it is  s t r a in s  
e l ic i te d  a diarrhoeagenic response in infant rabbits and ligated  i l e a l  
loop; culture f i l t r a t e s  from 7 strains a lso  produced a haemorrhagic 
l e s io n  in  rab b it  sk in s .  Eighteen e n t e r i t i s  s t r a in s  produced a 
response only in l ig a t e d  loops f a i l i n g  even a f te r  3 passages to  
produce d i s e a s e  in  i n f a n t  r a b b i t s .  These e ig h te e n  s t r a i n s  
successfu lly  colonised the rabbit in testine . The relationship of th is  
i l e a l  loop reaction by these 18 strains to  human disease i s  therefore 
q u est ion ab le .  The response may very w e l l  have represented  a 
n o n sp e c if ic  inflammatory rea ct io n ;  u n fo r tu n a te ly  h i s t o l o g i c a l  
ex am in a t io n  of  loops were not  undertaken. In co n tra st  13 s tr a in s  
produced d ise a se  only in i n f a n t  ra b b its  and f a i l e d  t o  e l i c i t  f lu id  
accumulation in the i l e a l  loop. The negat ive i l e a l  loop reaction of 
these 13 strains was not due to the incubat ion time of the t e s t  s ince 
i l e a l  loop reactions with these 13 s t r a i n s  were also negative after 6 
and 24 hours incubation . I t  can only be specu la ted  t h a t  th e  adult  
rabbits were r e f rac to ry  to the diarrhoeagenic agent(s),  a phenomenon 
observed with ^  cereus by Spira and Goepfert (1972).
The i l e a l  loop f lu id  e l i c i t e d  by the 77 e n te r i t is  producing strains  
d if fe r r e d  s i g n i f i c a n t l y  in  appearance  from th e  r i c e  water f lu id  
obtained fo l lo w in g  exposure to  cholera toxin . The e n t e r i t i s  i l e a l  
loop f l u i d  was in v a r ia b ly  bloody, mucoid and extrem ely turbid;  
microscopical ly  the f lu id  contained innumerable white and red blood 
c e l ls .  The mean loop ratio  obtained with the 77 e n te r i t i s  strains was 
0.55ml cmfT. Although h i s to lo g ica l  examination was not conducted the 
nature of the  f lu id  indicated ce llu lar  destruction of the in test in e .  
None of the e n te r it is  producing s t r a i n s  were invasive when t e s ted  by 
the Sereny t e s t  for  keratoconjunctivitis. E n t e r i t i s  a c t i v i t y  was not  
s ig n if ica n tly  associated with e i the r  the mouse l e th a l  factor or the 
rabbit haemorrhagic factor. Crude culture f i l t r a t e s  concentrated 50 
fo ld  by Amicon f i l t r a t i o n  were u n reactive  in  th e  i l e a l  loop  as say .  
The fac tor(s )  responsible for  the e n te r i t i s  reaction therefore appears 
t o  be c e l l  a sso c ia ted .  No attem pt was made to  c h a r a c t e r i s e  t h i s  
a c t i v i t y  further although i t  i s  appreciated  th at t h i s  may be a 
stimulating area for  future research. As with other enteropathogenic 
bac te r ia  a variety of e x t r a c e l lu l a r  products including neuraminidase.
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mucinase  and p r o t e a s e s ,  may be a c t i n g  c o n c e r t e d l y  to  e l i c i t  th e  
diarrhoeal response. Future s tu d ie s  should th ere fo re  consider t h i s  
p o ss ib i l i ty .
1.1.3.4. Iso la tes  with no entero toxic  or enteropathogenic potential.
In th e  NCV c o l l e c t i o n  stud ied  only 25 s tr a in s  (17.9%) were 
com plete ly  w ithout e n te r o to x ic  or enteropathogenic potential. The 
majority of these strains (84%) were frcm environmental sources. As 
a lr e a d y  s t a t e d  t h e  d i s t i n c t i o n  betw een  human a sso c ia te d  and 
environmental i s o l a t e s  i s  n o t  a b s o lu t e .  More u n e q u i v o c a b l e  
e n v i ro m e n ta l  s tr a in s  need t o  be s tu d i e d  before a f i r m  r e la t io n s h ip  
between iso la tion  source and pathogenic p o ten t ia l  can be established.
In r e tr o sp e c t  i t  would have been l e s s  biased to  have included more 
iso la te s  recovered at temperatures lower than 30°C from environmental 
sources. Iso lation  temperatures above 30°C are more l i k e ly  to  favour 
th e  recovery of  v ib r io s  of  human o r ig in .  Although no t  presented in  
th is  th e s i s ,  100 environmental NCV strains iso lated  from Kent waters 
have been examined fo r  the production of a CT-like toxin. These 100 
strains were iso lated  and donated by P. West of the Maidstone Public 
Health L a b o ra to ry ,  during h is  d o c t o r a l  s tu d ie s  on th e  ecology of 
v ib r io s .  C u l tu re  f i l t r a t e s  of  th e s e  100 s tr a in s ,  prepared as 
described on page 110, were tested in Y1 adrenal c e l l  l in es .  Of the 100 
strains examined 37 were cytotoxic and the remaining 63 stra ins  were 
negative. F i l t r a t e s  from the cytotoxic strains and 10 negat ive t i s s u e  
culture strains were tested by the ELISA technique for  cholera toxin  
but a l l  samples were n e g a t iv e .  Thus th ese  100 en v i ro n m e n ta l  MCVs 
f a i l e d ,  under the c u ltu r a l  co n d it io n s ,  to  produce a CT-l ike  tox in .  
Unfortunately i t  was not  p o s s i b l e  to  determine whether th ese  MCVs 
possessed  enteropathogenic p o t e n t i a l .  Nevertheless i t  appears t h a t  
the pathogenic potential of environmental MCVs i s  l im i te d  and possibly  
uncommon.
1 .1 .3 .5 .  P o s s i b l e  r e l a t i o n s h i p  betw een  p a t h o g e n i c i t y  and 
environmental robustness of V,_ cholerae
With r e s p e c t  to  V. cholerae the  two a r e a s  o f  major importance to
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th e  P u b l ic  H ea l th  a d m i n i s t r a t o r  i s  th e  organism’s pathogenicity and
i t s  a b i l i t y  to  su rv ive  in the aquatic  environment. A sim ple
h y p o th e t ica l  model exp lor ing  the relationship between pathogenicity 
and the a b i l i ty  to survive in the aquatic environment i s  i l lu stra ted  
in Fig 33. In th is  model the horizontal axis expresses an increasingly  
e f fec t iv e  se t  of virulence factors wiih a concomitant dependency on 
the human host as a m ultip lication point. The v er t ica l axis expresses 
an in crea s in g  a b i l i t y  t o  s u r v i v e  in  the aquatic  environment. The 
scale ftn  pathogenicity ranges from avirulent to highly virulent and 
the s c a le  for  environmental su r v iv a l  ranges from short to  long and 
f i n a l l y  to free l iv ing .  The model assumes:
( i)  human association i s  in terms of enteropathogenici ty
( i i )  th a t  as a s tr a in  adapts to  become a pathogen o f  the human 
i n t e s t i n e  t h e r e  i s  a co n co m itan t  decrease in  i t s  environmental 
robustness.
The epidemological data on the AA. cholerae biotypes cholerae and El 
Tor and the  p a th o g en ic ity  r e s u l t s  of t h i s  study on the  non 01 AA 
c h o le r a e  suggests  t h a t  t h i s  i s  a reasonable model. The cholerae  
b io  type i s  h ig h ly  v ir u le n t  f o r  man but cannot maintain i t s e l f  under 
any known en v i ro n m e n ta l  circum stances. The E l  Tor biotype  i s  
s i m i l a r l y  pa th o g en ic  f o r  man b u t  h a s  a l i m i t e d  c a p a c i t y  f o r  
environmental su r v iv a l .  Included w i t h i n  th e  non 01 V. c h o l e r a e  a r e  
s t r a i n s  which are v i ru l e n t  fo r  man and strains which are f re e  l iv in g  
aquatic  organisms. In t h i s  s tudy th e  p a thogen ic  non 01 A/, c h o le r a e  
w hilst possessing an e f fec t iv e  s e t  of  v ir u le n c e  fa c to r s  d i s p l a y e d  a 
l im it e d  cap acity  to  surv ive  f o r  extended periods under  s im u la t e d  
aquatic  co n d it io n s . In c o n tra st  the  aquatic  non 01 AA_ cholerae  
s tr a in s  lacked dem o n s t ra b le  v i ru l e n c e  factors but possessed a much 
greater capacity to survive under the  sim ulated  aquatic  c o n d i t i o n s .  
Moreover a f r e e l i v i n g  non 01 A A c h o le r a e  was shown t o  be far more 
c o m p e t i t i v e  under g lu co se  l i m i t a t i o n  than a v ir u le n t  non 01 A/A 
cholerae strain . Although these resu lts  now need to  be extended to 
inc lude more s tr a in s  t h e  r e la t io n s h ip  as d isp layed  in  t h i s  model 
stresses  the f a c t  that, so far, there  i s  no evidence to suggest that a
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h ig h ly  v i r u l e n t  c h o le r a  v i b r i o  can m a in t a in  i t s e l f  in  th e  a q u a t i c  
environment.
This h yp oth es is  i s  corroborated by the r e s u l t s  obtained w ith  
s tr a in s  o f  V. cholerae b io ty p e  El Tor i s o la t e d  from temperate water  
sources in cholera  f r e e  areas such as England, America and B r a z il .  
These El Tor strains are free l iv in g  able to  multiple in the aquatic 
environment. However th ese  El Tor s t r a in s  lack  demonstrable  
enteropathogenic potential in man and animals. Some c f  these El 
s tr a in s  have been fed  to  human v o lu n teer s  and a l th o u g h  in  some 
in s ta n c e s  the  organism was subsequently  i s o la t e d  from the  s to o l  
( s u g g e s t in g  s u c c e s s f u l  c o l o n i s a t i o n )  no vo lu n teer  became i l l .  
Furthermore subsequent challenge of the volunteers with a toxigenic  El 
Tor v ib r io  resulted in a diarrhoeal i l ln e s s .  Thus the environmental 
El Tor strain f a i l e d  to produce c l i n i c a l  disease and fa iled  to  confer 
protection against subsequent challenge with virulent cholera vibrios  
(WHO S c ie n t i f i c  Working Group, 1980).
1.1.4. Pathogenicity among other  Vibrio species
Tne pattern of b io log ica l  a c t i v i t y  in the other  Vibrio species was 
characterised by their s ig n i f i c a n t  lack of enterotoxic  a c t i v i t y  which 
resembled CT-like toxin. S t e r i l e  cu l tu re  f i l t r a t e s  of AL f l u v i a l i s . 
V. p a ra h a e m o lv t i c u s  and A. h y d ro p h i l e  c o n s is t e n t ly  gave n e g a t i v e  
responses in  th e  l i g a t e d  i l e a l  loop , skin  p erm eab ility  and t i s s u e  
cu ltu re  models.  F ailu re  to  d e te c t  e n te r o to x io - l ik e  a c t i v i t y  may be 
r e l a t e d  t o  suboptimum c u l t u r a l  c o n d i t i o n s .  A l l  t h e  V. 
parahaem olvticus s tr a in s  examined were i s o la t e d  from d iarrhoea l  
p a t ie n ts  in  which no o th e r  e n te r ic  pathogen was recogn ised . The 
m ajority  of V. p a rah ae m o lv t i c u s  s tr a in s  (83%) e l i c i t e d  an e n t e r i t i s  
response. The mean i l e a l  loop r a t i o s  f o r  t h e se  s tr a in s  was 0.57 cm 
ml”'"' which was not s ig n i f i c a n t ly  different from the response noted fo r  
the e n t e r i t i s  producing non 01 AA cholerae. Similarly 43% (12/28) of 
A. hvdrophila and 50% (3/6)  of  AL f l u v i a l i s  were enteropathogenic .  
The mechanism of  the  e n t e r i t i s  response was not s tud ied  b u t  in  a l l  
groups examined the mean loop ratios  and the nature of the loop f l u i d  
was s i m i l a r .  The loop  f l u i d  was c h a r a c t e r i s t i c a l ly  bloody and
FIG 33 A h y p o t h e t i c a l  model which s u g g e s t  t h e  r e l a t i o n s h i p  
between p a thogen ic  p o t e n t i a l  and env i ronmenta l  ' 
r o b u s t n e s s  o f  V. c h o l e r a e  s t r a i n s .
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NOTE Most V. c h o l e r a e  s t r a i n s  a r e . e x p e c t e d  to be l o c a t e d  in 
a p o s i t i o n  between the  two d ia gona l  l i n e s
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extremely mucoid suggesting a c e l l u l a r  involvement. Clearly fu r ther  
s tu d ie s  are needed to  e lu c id a te  the mechanism of  the e n t e r i t i s  
response so that appropriate prophylaxis mediation can be formulated.
1.1.5. Attempts to  c o r re la te  pathogenici ty  of non 01 V. cholerae with 
other characteristics
1.1.5.1.  C orrelation  of  c h o l e r a - l i k e  t o x in  production w ith  other  
bacteriological properties.
No b ac te r io lo g ic a l  t e s t  co r re la ted  to  a s ig n i f i c a n t  extent  with the 
a b i l i t y  o f  non 01 IL. c h o le r a e  t o  produce a C T -l ik e  t o x i n .  
Toxigenicity was lim ited  to  any erne Heiberg group; CT-like toxin  
producers f e l l  in to  Heiberg types I , I I  and V. However i t  was of  
i n t e r e s t  to  note th a t  w ith in  a geographic area a t  a p a r t ic u la r  tim e  
almost a l l  toxigenic i so la te s  occurred in the same Heiberg group. In 
Dacca between October 1977 t# September 1S7  ^ zfLl toxigenic iso la te s  
f e l l  in Heiberg group V. Iso la tes  from the Sudan outbreak of 1968 a l l  
belonged to Heiberg group I and those from Czechoslovakia in 1^56 were 
in  Group II .  I t  would appear th at Heiberg grouping may be of some 
lim ited  epidemiological value. However in  Dacca w h i l s t  a l l  toxigenic  
i so la te s  in the 1977 to 1978 period belonged to Heiberg group V 15% of 
strains iso lated  from diarrhoeal patients which were nontoxigenic also  
belonged to Heiberg group V. Thus Heiberg typing i s  of no value as an 
indicator of tox igen ic i ty  and there  i s  no bacteriological substitute  
for  toxigenicity  te s t ing .
1.1.5.2.  R e la tionsh ip  between pathotype and s e ro ty p e  of  non 01 V.
cholerae
As reviewed in the Introduction cholera vibrios which lack the 01 
antigen and therefore f a i l  to  agg lu t ina te  in serum sp e c if ic  for  the 01 
serovar were termed n o n a g g lu t in a b le  v ib r io s  (NAG v i b r i o s )  or  non 
cholera v ib r io s .  I t  was soon r e a l i s e d  t h a t  th ese  NAG v ib r io s  were 
ag g lu tin a ted  in  homologous serum. Consequently serotyping schemes 
were developed. Two such schemes are currently in  vogue (Smith and
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Goodner, 1965 and Sakazaki  ^  &1., 1 970) and d i f f e r  p r i m a r i l y  in the  
method of antiserum production. Smith (1979) r eco g n ises  72 non 01 
sero typ es  of V. ch o lerae  w h i ls t  83 sero ty p es  are recognised  in  the  
Sakazaki scheme (Donovan, personal communication). The degree of  
concordance between th ese  two typing schemes has y e t  to  be f ir m ly  
established. The primary purpose of establishing a serotyping system 
for NCVs was the epidemiological need to separate a group of organisms 
which were b io ch em ica lly  homogenous. E p id em io lo g ica lly  i t  was of  
in terest  to determine whether certain serotypes were associated with 
human disease or a particular environmental sample. However neither 
serotyping scheme has ye t  associated iso la t ion  source or geographical 
location and serotype (Sakazaki & Shimada, 1977 ar^ füniüh 1979). At 
the time of writing, these serotyping schemes are poorly developed and 
consequently are a t  present incapable o f  ach iev in g  the purpose they  
were established for.
In t h i s  study non 01 V. cholerae s tr a in s  were separated on th e ir  
pattern of b io log ica l a c t iv ity .  A clear difference in pathogenic 
potential of human associa ted  and environmentally derived iso la te s  was 
noted.  I t  was th erefo re  of in t e r e s t  to  determine the  se r o ty p ic  
r e la t io n s h ip  of non 01 cholerae separated by th e ir  b io lo g ic a l  
a c t i v i t y .  The 75 non 01 V. c h o le r a e  s tr a in s  serotyped by Mr. T.J. 
Donovan belonged to  24 d ifferent serotypes. In general there was no 
e x c l u s iv e  r e la t io n s h ip  between serotype and s p e c i f i c  b io lo g ic a l  
a c t i v i t y .  S tra in s  which elaborated  a c h o le r a - l ik e  tox in  were more 
s ig n i f i c a n t  as human pathogens, and were r e s t r ic t e d  to  sero typ es  5, 
26, 37; 63; 75 and 81. However only serotype 75 was e x c l u s i v e l y  
r e s t r ic t e d  t o  th ese  t o x i g e n i c  s tr a in s .  S tra in s  e x h i b i t i n g  o th e r  
pattern s o f  b i o l o g i c a l  a c t i v i t y  were s i m i l a r l y  no t  e x c l u s i v e l y  
restr icted  to individual serotypes. Furthermore as more strains are 
examined by the dual approach of serology and pathogenicity a g rea te r  
overlap i s  to be expected.
The v a lu e  of  the s e r o t y p i c  approach was not t o t a l l y  n u l l i f i e d  in  
t h i s  study. S u rp r is in g ly  o f  6 s tr a in s  i s o la t e d  i n  Bangladesh from 
diarrhoeal patients and which produced a cholera-like toxin 5 belonged 
to serotype and iüie remaining strain was untypeable. However over
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the same time period 6 of 23 e n te r i t is  producing strains also belonged 
to  serotype 37. This pattern  o f  r e s u l t s  su g g est  that ce r ta in  
sero typ es  may a t  c e r ta in  t im es  be more freq u en tly  a s so c ia te d  w ith  
diarrhoeal outbreaks. This finding i s  supported by observations made 
during the Czechoslovakian foodborne outbreak (Aldova . e t .al 1968) and 
the Sudan waterborne outbreak (Zinnaka, 1971). Thus w hilst  serotyping 
cannot be used as a surrogate for  p a th o g en ic ity  t e s t in g  i t  does 
provide additional information of potential epidemiological value.
That non 01 JL ch o lerae  serotyp ing  schemes are s t i l l  a t  th e ir  
developmental s ta g e s  i s  ex em p lif ied  by the number of s t r a in s  which  
remain non typeable . In t h i s  study, which included human and 
environmental i s o l a t e s ,  21% of s tr a in s  were no t  typeable. The 
percentage of environmental iso la te s  which are non typeable i s  higher: 
Kaper .et al.,(1979) fa iled  to serotype 41% of his strains w hilst  West 
( 1980) found 31% of s tr a in s  to  be non typeab le . The antigens  
resp o n s ib le  f o r  0 group s p e c i f i c i t y  have y e t  to  be c h e m ic a l ly  
c h a r a c t e r i s e d .  The sugar c o m p o s i t i o n  o f  th e  0 a n t i g e n i c  
l ip o p o ly sa c c h a r id e s  of  variou s  v ib r io s  has r e c e n t ly  been compared 
(Hitasune .et  .al .,  I 98O) but developments along th e  l i n e s  of  th e  
Kauffmann & White scheme i s  but a pipe dream. U n til  a b e t te r  
understanding of the chemical composition of the somatic antigen of V. 
cholerae i s  available the f e a s ib i l i ty  of transformation occurring in 
nature cannot r e l ia b ly  be a ssessed .  Furthermore s in c e  the som atic  
antigen  has no apparent r o le  in the pathogenesis  o f  cholera such a 
somatic transformation would only s ig n if ica n t  i f  accompanied by an 
increase in the organism's virulence.
1.1.5 .3 . R esu lts  of  th e  APIZYM t e s t  system on V. cholerae  and other  
vibrios
The APIZYM system has proven u se fu l in th e  c h a r a c te r isa t io n  of  
staphylococci (Brun .et a l . ,1978); Actinomvcetaceae (Kilian, 1978) and
Gram negative anaerobes (Tharagonnet e t  a l . ,  1977). I t  was the re fo re  
considered th a t  the APIZYM t e s t  may be capable of distinguishing the 
various pathogenic v a r i e t i e s  of  V. cholerae  non 01. A prelim inary  
small study was the re fo re  conducted to determine the a b i l i ty  of the
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APIZYM t e s t  system to  recognise sp e c i f i c  Vibrio species  and biotypes.
Using a rep resen ta t ive  s e le c t ion  of strains the pattern of r e s u l t s  
obtained with the APIZYM t e s t  system were not su f f ic ie n t ly  d is t in c tiv e  
to recognise individual species, biotypes cr pathotypes. Ckæ (ÜT the 
main drawback of the APIZYM system was that i t  contained enzyme te s t s  
which were related e.g. acid and alkaline phosphatases; and C4, C8 and 
C14 l ip a s e s .  In ad d ition  o f  the 19 enzymes detected  by the system  
only between 5 and 8 were of d i f f e r e n t i a l  value; the remainder were 
uniformly negative. The potential value of th is  system was therefore 
much reduced.
I t  should be s ta te d  th a t  t h i s  prelim inary  study was in no way 
comprehensive and d ifferen t resu lts  may have been obtained i f  a m(%"e 
varied se t  of strains were examined. Despite these l im ita tio n s  some 
conclusion  can be drawn. Minor v a r ia t io n  was noted f o r  some 
i n d i v i d u a l  V. cholerae  s t r a i n s .  This  v a r ia t io n  was a s so c ia te d  w ith  
acid  phosphatase, B g lucosam in idase, le u c in e  am inopeptidase and 
trypsin. The APIZYM system fa iled  to  d is t ingu ish  parahaemolvticus 
s tr a in s  from ch o lera e . V aline  aminopeptidase try p sin  and B 
g a l a c t o s i d a se may be u s e f u l  c h a r a c t e r s  f o r  the  in tr a s p e c ie s  
differentiation  of V. oarahaemoliticus but once again th is  needs to be 
confirmed with more strains. With th is  l im i ted  study i t  i s  concluded 
th a t  the APIZYM t e s t  system i s  a p o t e n t ia l ly  va lu ab le  system which 
needs further  development before  i t s  rou tin e  a p p l ic a t io n  to  the  
Vibrionaceae can be advocated.
1.1.6. Role of  c h o le r a  to x in
Whilst  the molecular nature and action of cholera toxin have been 
e lu c id a ted  i t s  f u n c t io n  in  the growth o f  V. cholerae remains to  be 
e s t a b l i s h e d .  Cholera t o x in  i s  a s o p h is t ic a te d  b ip a r t i t e  p r o t e i n  
c o n s is t in g  of  subunits  A and B. The A portion  c a t a l y s e s  the  
in t r a c e l lu la r  ADP r ib o sy la t io n  and a c t iv a t io n  o f  adenylate c y c l a s e  
( G i l l  cc Meren, 1978) and con ta in s  two po lypeptide chains Al, & A2 
linked by a disulphide bond (Gill ,  1976). The B portion, which binds 
t o  recep to rs  of c e l l s  and membranes, i s  composed of  four or f i v e
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id en t ica l  polypeptide chains each with a molecular weight of 11,000 
(van Heyningen, 1977). The molecular weight of the holotoxin, the Al 
and A2 units are 82,000 (Finkelstein and Lo Spalluto, 1972) 22,000 and 
5,000 0/an Heyningen, 1974) respectively. The Al iniit i s  responsible  
for the a c t iv a t io n  of adenylate c y c la se  (G i l l  & King, 1975). Such a 
com plicated designed m olecu le r a i s e s  the b i o lo g ic a l ly  important  
question of why cholera vibrios produce t h i s  toxin.
The symptoms of ch o lera , the profuse watery diarrhoea, under 
i n s a n i t a r y  c o n d i t i o n s  i s  a d v a n t a g e o u s  f rom  th e  v iew p oin t of  
epidemiological virulence i .e. the a b i l i t y  of the disease to spread in 
a population. Vj_ cholerae colonises the  small in te s t in e ,e l a b o ra te s  an 
enterotoxin, and consequently stim ulates a diarrhoeagenic response in 
i t s  host. The diarrhoeal process c l e a n s e s  th e  bowel of  competing 
microorganisms and imposes upon the  cholera  v ib r io  a s tr in g e n t^  
requirement t o  p o ssess  a mechanism which avoids washout from th e  
i n t e s t in a l  tr a c t .  I t  a p p ea r s  th a t  cholerae a s s o c ia t e s  w ith  t h e  
brush border membranes of the in te s t in a l  tract by synthesing adhesins 
(Jones, 1977). After a period of  a t t a c h m e n t  t o  th e  mucosa c h o le r a  
v i b r i o s  d is s o c ia t e  from brush border membranes (Nelson e_t a%. 1976, 
F r e t e r  .et  al.., 1977) and a re  r e l e a s e d  in to  t h e  i n t e s t i n a l  lumen. 
During the acute phase of the disease the cholera s tool  contains up to  
10^0 c h o le r a  v i b r i o s / m l .  In san itary  c o n d i t i o n s  f a c i l i t a t e  the  
d issem in a tio n  of  cholera  v ib r io s  t o  s u s c e p t ib le  h o s t s .  Thus the  
massive number of cholera vibrios in the voluminous quant i ty  of r i c e  
water stool i s  instrumental in the propagation of the species. This 
h ypothesis  has a c e r ta in  t e l e o l o g ic  appea l  b u t  f a i l s  t o  account f o r  
c e r t a i n  a s p e c t s  o f  th e  d i s e a s e .  The e p i d e m i o l o g i c a l l y  m ost  
s ig n i f i c a n t  cholera  v ic t im s  are those only m ild ly  a f fe c te d ,  the so 
c a l le d  s u b c l in ic a l  c h o le r a  c a r r ie r s .  Such individuals infrequently 
s u f f e r  from diarrhoea and consequen t ly  a re  s u f f i c i e n t l y  hea lthy  t o  
disseminate the vibrio  more widely. There i s  no evidence to  suggest 
th a t  cholera vibrios are le s s  v i ru l e n t  in these subclin ical carriers. 
Thus the cholera t o x in  may w e l l  co n fe r  a su r v iv a l  advantage but i t  
would appear th a t  th is  i s  not i t s  sole  function.
Cholera t o x in  may w e l l  s e rv e  no fu n c tion  t o  the  v ib r io  c e l l  bu t
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may merely represent  a metabolic byproduct. However i t  i s  unlikely  
th a t  a byproduct would be sy n th es ized , in  la rg e  q u a n t i t i e s ,  a t  an 
expense e n e r g e t ic a l ly  to  the parent v ib r io  and serve  no fu nction .  
Cholera to x in  may rep resen t  a fu n c t io n a l  m etabolic  or s tr u c tu r a l  
component which i s  now a v e s t i g a l  element which has not y e t  been 
discarded. The absence of a known function of cholera toxin however 
may s im ple  r e f l e c t  our ignorance of the c e l lu la r  mechanisms which 
reg u la te  i t s  s y n th e s is .  Richardson (1969) considered that cholera  
tox in  was the r e s u l t  o f  an abnormal s y n th e s is  o f  a surface  prote in  
which was unable to  f u l f i l  i t s  s tr u c tu r a l  fu cn tio n . Cholera t o x in  
appears t o  be a p erip lasm ic  p rote in  (Levner .et a%., 1980), and l i k e  
other Gram n eg a tiv e  b a c te r ia ,  the sy n th e s is  o f  p er ip la sm ic  and 
cytop lasm ic p r o te in s  d i f f e r .  Levner .et a%., (1977) no ted  t h a t  
l incomycin caused an increase in the rate and duration of enterotoxin 
sy n th e s is .  Since l incom ycin  i s  an in h ib ito r  of p ro te in  sy n th e s is  
Levner .et .a l.,  (1977) concluded that cholera tox in  sy n th e s is  was 
normally l im ite d  by one or more p ro te in  con ta in in g  f a c to r s  whose 
synthesis i s  particularly sen sit ive  to lincomycin.
A most fascinating hypothesis on the ro le  of cholera toxin can be 
drawn from the conclusions of sev era l  in v e s t ig a t io n s .  Isaacson and 
Moon (1975) no ted  a phenomenon of ^  c o l i  LT i n d u c ib i l i t y  and 
attri^ked th is  finding to gene derepression. They speculated that the 
m ajority  of c e l l s  in an LTST producing population  were normally  
repressed with respect to  LT synthesis. They believed t h a t  only a few 
c e l l s  in t h e  population a c t i v e l y  produce cholera t o x in  a t  a g iven  
time. However a d d i t i o n  of  mitomycin C caused an i n c r e a s e  in  LT 
synthesis and t h i s  was thought to be probably caused by a derepression 
of  th e  LT gene. S i m i l a r l y  Holmes .et al,., (1975) noted that cholera  
toxin was not formed con stitu tive ly  in toxigenic cholera vibrios  and 
speculated that sp e c if ic  regulatory systems control the synthes is  and 
secretion of cholera toxin in a manner d is t in c t  from the regulation of 
bulk  protein  sy n th e s is .  They c o n s id e r e d  t h a t  t h e  c o n t r o l  o f  
to x in o g e n e s is  in  V. cholerae  may in v o lv e  coordinated interaction of 
two or more structural genes with s p e c i f i c  regula tory  genes and s i t e s  
(repressors, operators, promoters) t h a t  determine the production and 
exp ression  of p o s i t iv e  or n egative  regu la tory  p ro d u c ts .  Cyc l ic
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adenosine monophosphate (cAMP) r e g u la te s  the exp ression  o f  c e r ta in  
genes (Pastan and Adhya, 1976). In E. c o l i  a v a r ie ty  o f  gene products  
are both p o s i t iv e ly  and n e g a t iv e ly  c o n tr o l le d  by cAMP l e v e l s  e.g. 
carbohydrate metabolism, amino acid synthesis and f la g e lla r  elements. 
Both cholera  tox in  and E&. c o l i  LT to x in  e l i c i t  a dose dependent 
activation of the membrane bound enzyme adenylate cyclase (EC 4.6J.1) 
which converts  adenosine 5 tr iphosphate  to  cAHP (Berkenbile and 
Delaney, 1976). Thus the p o s s i b i l i t y  that cholera to x in  a c t s  as 
s ignals for the regulation of metabolic events within the c e l l  merits 
ser io u s  con s id era tio n . However van Heyningen (1977) s ta te d  t h a t  
c h o le r a  t o x in  s p e c i f i c a l l y  a c te d  on eukaryotic  c e l l s  and not 
prokaryotes and resembled some 1üie glycoprotein hormones gcwe 
no experim ental d a ta  or re feren ce  t o  support t h i s  c la im .  The 
hypothesis  t h a t  cholera to x in  r e g u la te s  b a c te r ia l  cAMP l e v e l  i s  an 
exciting p o ss ib i l i ty  and ra ises  several questions. I t  i s  in teresting  
to speculate on whether toxigenic  cholera  v ib r io s  rep resen t mutants 
which, sy n th e s iz e  abnormal q u a n t i t ie s  of  cholera to x in , or f a i l  to  
synthesize a repressor protein. I s  the repressed cholera toxin gene 
the normal s tate  for  MCVs? Clearly much further work on the role and 
regulation of cholera toxin synthesis needs to  be done.
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1.2. A p p l i c a t io n  o f  m u l t i v a r i a t e  s t a t i s t i c a l  p ro ced u res  t o  th e  
c l a s s i f i c a t i o n  of v ib r io s
Numerical clustering techniques are now a  ^ integral aspect of 
bacterial taxonomy. However the process cf  reducing complex numerical 
in t e r r e la t io n s h ip s  t o  an o r d e r l y  c l a s s i f i c a t i o n  may introduce b i a s  
( H i l l ,  1975). The Clustan 1A Programs (W ishart, 1978) employed in  
t h i s  study, o f f e r s  40 d i f f e r e n t  s im i la r i t y  c o e f f i c i e n t s  and s ix  
c lu s t e r in g  s t r a t e g ie s .  There i s ,  as y e t ,  no c l a s s i f i c a t i o n  lo g ic  
which f a c i l i t a t e s  the se lection  of the dendrogram which represents the 
'best' resu lts .  In a discussion of the merits of the various methods 
of c luster analys is  Sneath (1972) was of the opinion t h a t  id e a l ly  the 
f in d in g s  of a number of  numerical methods should be compared. In 
practise the users  s e le c t  the method which :(1) y ie ld  groups which, on 
in sp e c t io n ,  appears t o  f i t  b e s t  w i th  h i s  e x p e c t a t i o n  and/or (2) 
appears as in th is  study to give the most compact and d iscrete groups.
1.2.1. Some methodological biases.
1.2.1.1. Bias in  the coding of  b a c t e r i o l o g i c a l  t e s t s  f o r  computer 
input.
By subdividing characters ex tra  weighting was accorded t o  certain
t e s t s  in  t h i s  study e.g. growth in s a l t  was scored in d iv id u a l ly  f o r
each concentration tested 1,2,3% etc., and s e n s i t iv i ty  to two le v e ls
of  0129. Thus a s tr a in  s e n s i t i v e  t o  lOug o f  0129 would a lso  be
s e n s i t iv e  t o  150ug and t h e r e f o r e  r e c e i v e  a tw o -fo ld  w e ig h t in g .  The
individual  temperatures over the temperature range t e s ted  (10 -  45 
were also  coded separately, llie e f f e c t  of th i s  character weighting on
the taxonomy of the 195 strains was .negligible: phenons identica l to
those produced during the f i r s t  clustering analysis were produced with
only minor v a r ia t io n s  when t h i s  w e ig h t in g  was removed. S tra in  173
id e n t i f i e d  as Aj_ hvdrophila was placed in  the V^, f l u v i a l i s  phenon when
the recoded data matr ix was used. This was presumeably on account of
the l e s s e r  importance of 0129 resistance and the strain's fermentative
a ct io n  on su c ro se ,  mannose and arabinose -  ch aracters  of  th e  V.
f l u v i a l i s  phenon. With both the o r ig in a l  and recoded data matrix at
283
the 75% s im i l a r i t y  l e v e l  s t r a in s  o f  V. m etsch n ik ov ii  and phenon B2 
remained associated with the cholerae cluster but separated at the 
76 and 78% sim ila r ity  lev e l  respectively. I t  would therefore appear 
that the multidimensional numerical relationship between strains was 
su f f ic ie n t ly  robust to t o l e r a t e  minor coding biases.
1.2.1.2. Bias introduced by the c o e ff ic ien ts  of association.
A sso c ia t io n  between the 195 s tr a in s  were determined by three  
coeff ic ien ts:  Euclidean distance, Jaccard and Pattern. In general the 
3 c o e f f i c i e n t s  o f  a s so c ia t io n  were consistent in the recogni t ion of 
the major phenons suggesting th a t  most s t r a in s  in  m u ltid im en sion a l  
space formed compact round c lu s t e r s  w ith  only a few in term ed ia te  
strains fa l l in g  between the denser clusters. The placement siane 
strains did however vary. Of most in terest  was the relationship of V. 
a l b e n s i s  ( s tr a in  186) t o  o t h e r  Vibrio s tr a in s .  Using the E uc l idean  
distance co e ff ic ien t  V. albensis was linked to  taxon AB which included 
s tr a in s  of  V. cholerae 01 and nonOI, V. m e ts c h n ik o v i i  and phenon B2. 
However when the Jaccard c o e f f i c i e n t  was used V. a lb e n s i s d id  no t  
a s s o c ia t e  w ith  taxon AB but was placed n earest  phenon F and E. c o l i . 
This su g g ests  th a t  the many n eg a tiv e  ch aracters  i t  shares w ith  
c h o le r a e  s tr a in s  accounted for  i t s  in c lu s io n  in  taxon AB. The 
recognition of V^  albensis as cholerae subsp. albensis by Shewan & 
Veron (1974) i s  th ere fo re  q u e s t i o n a b l e  although th e  DNA base 
com position of  a lb e n s is  i s  47.6%GC, w ith in  t h e  range  f o r  the  V. 
cholerae group.
1.2.1.3. Bias introduced in the recognition of clusters
The r e c o g n i t i o n  of c l u s t e r s  depended s i g n i f i c a n t l y  on t h e  
s im i la r i t y  l e v e l  chosen t o  draw the  h o r izo n ta l l i n e  a c r o s s  th e  
dendrogram. As pointed out by Sneath (1972) s im ilar ity  values  are not 
correlated with taxonomic rank. To recognise taxonomic groups Sneath 
(1972) advised t h a t  an arbitrary l in e  be drawn horizontally across the 
dendrogram and s tr e s se d  t h a t  th e  l i n e  should not  be a l lo w ed  to  
subjectively wander up and down across the dendrogram. However i t  i s  
indeed ques tionable whether c lusters  can be recognised by the pedantic
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draw ing o f  a h o r iz o n ta l  l i n e .  As no ted  e a r l i e r  th e  b ia s  in tro d u c e d  
in to  numerical taxonomy would favour the recognit ion of some c lu s te r  
w h ils t  emphasizing the d iffu se  nature of other groups. In t h i s  study 
the e f fe c t  of drawing a ho r izon ta l  l i n e  across the dendrogram a t  t±ie 
75% s im i la r i ty  level  (page 173) was to  combine s t r a in s  of cholerae 01 
and nonOI; IL. m e tsc h n ik o v i i  and phenon B2 s t r a i n s  i n t o  a s in g le  
taxonom ic group (taxon  AB). Drawing a l i n e  a t  a h ig h e r  s i m i l a r i t y  
leve l  f a c i l i t a t e d  the separation  of taxon AB but in add ition  separated 
some of th e  o th e r  d i s c r e t e  g roups. F u r th e rm o re  phenon C, which was 
formed a t  the 71% s im i la r i ty  l eve l ,  represented s t r a in s  of  Aeromonas 
hvdrophila : a t  the 75% s im i l a r i t y  leve l  th i s  phenon was separated in to  
two groups (Cl and C2) which in  b a c t e r i o l o g i c a l  te rm s  could  no t be 
dis t inguished  from each other. S imilar  d i f f i c u l t i e s  in e s tab l i sh ing  
taxonomic groups by drawing a ho r izon ta l  l in e  across  the dendrogram 
were encountered by Lee ^  al . ,(  1978b). Sneath (1972) advocated th a t  
f o r  th e  r e c o g n i t io n  o f  a s p e c ie s  t h e r e  should  be a t  l e a s t  t h r e e  
b a c te r io lo g ic a l  t e s t s  which separate  the m ajority  c f  s t r a in s  of t^jo 
s p e c i e s .  Such a f u n c t i o n a l  c r i t e r i o n  i s  a s o u n d e r  b a s i s  o f  
c l a s s i f i c a t i o n  lo g ic .  This  s t i p u l a t i o n  would e n a b le  dendrogram 
d e f in e d  groups to  be formed by in s p e c t io n  and to  be v a l i d a t e d  in  a 
d i a g n o s t i c  t a b l e  of  r e s u l t s  in  which a l l  phenons so r e c o g n ise d  were 
separated by a t  l e a s t  3 t e s t s .
One aim of  n u m erica l  taxonomy i s  to  a ssem ble  s t r a i n s  of  h igh 
s i m i l a r i t y  i n t o  c l u s t e r s .  In so doing i t  i s  hoped t h a t  c l u s t e r s  of  
s t r a i n s  can be d i f f e r e n t i a t e d  from o th e r  c l u s t e r s  by v a r io u s  
b a c t e r i o l o g i c a l  t e s t s .  T h i s  aim i s  s t r i c t l y  f u n c t i o n a l  and 
i n h e r i t a n t l y  assumes t h a t  b a c t e r i a  can be sorted  in to  orderly  groups 
with c lea r  separations, Cowan (1970) s ta ted  th a t  d i f f e r e n t  kinds of 
b a c t e r i a  were not  s e p a ra te d  by sh a rp  d i v i s i o n s  but  by s l i g h t  and 
sub tle  d iffe rences  in charac ters  so th a t  they seem to blend in to  each 
other  and resemble a spectrum. For c l a s s i f i c a t io n  ch a rac te rs  a re  of 
equal importance but  for  id e n t i f ic a t io n  some charac ters  are of g re a te r  
d i f f e r e n t i a l  v a l u e  th a n  o t h e r s  and a r e  t h e r e f o r e  o f  u n e q u a l  
importance. I t  i s  the r e c o g n i t io n  of  t h e s e  d i f f e r e n t i a l  c h a r a c t e r s  
th a t  should form the bas is  of the c l a s s i f ic a t io n  logic .  In t h i s  study 
charac ters  of d i f f e r e n t i a l  value were determined a f te r  examination of
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the dendrogram and formation of the c lu s te r s .
The p r in c ip le s  of numerical taxonomy, revised by Sneath (1957) some 
twenty years ago, o f fe r  an ob jec tive  method c f  c la s s i fy in g  b ac te r ia .  
W h i l s t  t h i s  t e c h n i q u e  h a s  become i n d i s p e n s i b l e  in  b a c t e r i a l  
c l a s s i f i c a t i o n  a c e r t a i n  amount of  s u b j e c t i v i t y  i s  in h e r e n t  in  i t s  
m ethodology. To s t i m u l a t e  f u tu r e  developm ents  i t  would now appear 
appropria te  to  have a réévalua tion  of the lo g ic  of numerical taxonomy.
1.2.2. Taxonomic r e l a t io n sh ip  among v ib r io s
One of  the  aim s of  t h i s  s tudy  was t o  c l a r i f y  th e  taxonomy of  
v ib r io s  associa ted  with d iarrhoeal disease.  Consequently a c o l lec t io n  
of v ib r io s  conforming to  a simple general d e f in i t io n  of the group was 
assem bled  (see  page 101), c h a r a c t e r i s e d  by numerous b a c t e r i o l o g i c a l  
t e s t s  and c l a s s i f i e d  by numerical taxonomic techniques.
I t  was found t h a t  th e  m a j o r i t y  of  s t r a i n s  in  t h e  c o l l e c t i o n  
corresponded to  taxonomic grouping es tab lish ed  on p r io r  su b jec tiv e  and 
in tu i t iv e  bases. However conventional, n u t r i t io n a l ,  biochemical and 
p h y s io lo g ic a l  t e s t s  and s e ro lo g y  f a i l e d  to  d i f f e r e n t i a t e  th e  non 01 V 
cholerae pathogenic and nonpathogenic s t r a in s .  The only s a t i s fa c to ry  
b a s i s  f o r  t h e i r  s e p a r a t i o n  was by p a th o g e n ic i ty  t e s t i n g .  The 
taxonomic re la t io n sh ip  between the various Vibrio groups w i l l  now 
discussed
1.2.2.1. V. c h o le ra e  01 and nonOI
The n u m eric a l  taxonomic a n a ly s i s  r e s u l t s  c l e a r l y  i n d ic a te d  t h a t  
there  was an in s u f f ic ie n t  numbers of t e s t s  which separated s t r a in s  of 
V. c h o le ra e  01 and NCVs to  m e r i t  s e p a r a t e  s p e c ie s  s t a t u s ,  thus  
corroborating the r e s u l t s  of e a r l i e r  s tu d ies  (Sakazaki e t  ^ . ,1 9 6 7  and 
Colwell, 1970). Compared to  the e a r l i e r  s tu d ies  a more geographically  
d iverse c o llec t io n  of NCVs were included in th i s  study. In add ition , 
unlike previous s tu d ies  a number of NCVs of Heiberg group V were a lso  
s tu d ie d .  In  t o t a l  107 NCVs and 9 IL  c h o le r a e  01 s t r a i n s  were 
examined. The 0 group 1 c h o le ra  v i b r i o s  were in c lu d e d  s im p ly  to
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p ro v id e  r e f e r e n c e  p o in t s  f o r  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  
produced by th e  ta x o m e tr ic  a n a ly s i s .  The IL  c h o le r a e  01 s t r a i n s  
in c lu d e d  r e fe r e n c e  c u l t u r e s  of th e  c h o le r a e  (KCTC 8021) and El Tor 
(I'ICTC 8457) b io ty p e s ,  3 f r e s h  c l i n i c a l  i s o l a t e s  and 4 s t r a i n s  of
nontoxigenic and hence a ty p ica l  JL cholerae 01,
Whilst  a l l  the various c lu s te r  analyses ordered the Vj_ cholerae 01 
and NCV s t r a i n s  i n t o  a s in g l e  phenon th e  e x i s te n c e  of a t  l e a s t  th r e e  
compact biotypes was evident. Biotype 1 contained s t r a in s  which were 
not agg lu tina ted  in  0 group 1 serum and th e re fo re  corresponded to  NCVs 
and NAG v i b r i o s .  According to  th e  H eiberg  ty p in g  scheme s t r a i n s  
w i th in  b io ty p e  1 f e l l  w i th in  Heiberg groups I  and I I .  S t r a i n s  of  
b io ty p e  1 and 2 were d i s t i n g u i s h e d  from one a n o th e r  on only  two 
c h a r a c t e r i s t i c s :  th e  01 a n t ig e n  and th e  a b i l i t y  to  grow in  media 
containing 5% NaCl. Thus a l l  s t r a in s  w ith in  biotype 2 agg lu tina ted  in 
0 group 1 serum and t h e r e f o r e  co rresponded  to  V. c h o le r a e  0 group 1. 
At the 85% s im i la r i ty  le v e l  biotype 2 was separated in to  2 subgroups 
r e p r e s e n t in g  th e  5 to x ig e n ic  and 4 n o n to x ig e n ic  en v iro n m e n ta l  
i s o la te s .  Apart from nontox igen ic ity  3 of the 4 s t r a in s  of subgroup 2 
w(%re a lso  sucrose negative. Like biotype 1, s t r a in s  w ith in  biotype 3 
a lso  lacked the 01 antigen. Biotype 3 s t r a in s  a l l  belonged to  Heiberg 
group V and most produced phosphatase. "Dua^e ivas th e re fo re  a t  l e a s t  2 
t e s t  d iffe rences  between each biotype.
Although CT-like production was one of the charac te rs  used fo r  the 
n u m e r ic a l  a n a ly s i s  no b io ty p e  composed e n t i r e l y  of s t r a i n s  which 
produce a C T -like  to x in  was formed. In s te a d  to x ig e n ic  NCVs were 
d i s t r i b u t e d  between b io ty p e s  1 and 3. Thus in  th e  a n a l y s i s  CT 
syn thes is  was c f  equal weight as the  other 120 c h a ra c te r is a t io n  t e s t s  
and was not of s u f f ic ie n t  d i f f e r e n t i a l  value to  enable s t r a in s  which 
possessed i t  to  be c lu s te red  in a s in g le  biotype. Furthermore among 
the NCVs s t r a in s  s tudied CT synthesis  was not co rre la ted  to  any other 
p h o n e t i c  t r a i t  e x a m in e d .  For t h i s  r e a s o n  t h e  o n ly  way o f  
d i f f e r e n t i a t i n g  a t o x i g e n i c  and n o n to x ig e n ic  NCV i s  by th e  d i r e c t  
t e s t in g  fo r  ex te ro tox igen ic ity .  There i s  no b a c te r io lo g ic a l  proxy.
The species Vj_ cholerae was o r ig in a l ly  conceived to be composed of
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s t r a in s  which were associa ted  w ith the i l l n e s s  cholera. The d isease  
c h o le ra  o b ta in e d  n o t o r i e t y  and a r e p u t a t io n  f o r  p roducing  h igh  case  
f a t a l i t y  ra te s .  Thus the species name cholerae became in ex tr ica b ly  
assoc ia ted  with a p a r t ic u la r ly  l e t h a l  i l l n e s s  which i n s t i l l e d  g r e a t  
d e s p a i r  and h o r ro r  in  th e  g e n e ra l  populace . As rev iew ed  in  th e  
In troduction , fo r  over 60 years, El Tor v ib r io s  were excluded from the 
V. c h o l e r a e  g ro u p  s im p ly  b e c a u s e  th e y  w ere  c o n s i d e r e d  t o  be 
nonpathogenic to  man. When th e i r  v i ru le n t  nature  was demonstrated, in 
th e  s even th  and c u r r e n t  pandemic o f  c h o le r a ,  El Tor v i b r i o s  were 
ascribed biotype s ta tu s  w ith in  the jh. cholerae species.  Tiie r e s u l t s  
of  t h i s  and p re v io u s  s t u d i e s  (Sakazaki  e t  1967; C o lw e ll ,  1970) 
ind ica te  th a t  NCVs should a lso  be included in the species  lA. cho lerae . 
Such a proposal which has already been made by Shewan and Veron (1974) 
i s  a v a r ia n c e  w i th  th e  p a th o g en ic  n a tu re  of th e  s p e c ie s ,  s in c e  many 
NCVs a r e  f r e e  l i v i n g  non pa thogen ic  a q u a t i c  o rgan ism s. Thus w h i l s t  
there  i s  now no confusion over the taxonomic s ta tu s  of  V. cholerae and 
NCVs t h e i r  nomenclature i s  problematic (WHO S c ie n t i f ic  Working Group, 
1980) a l th o u g h  th e  r u l e s  of nom en c la tu re  a re  c l e a r .  Rule 55 of  th e  
B a c te r io lo g i c a l  Code (Lapage ^ ^ . , 1 9 7 6 )  s t a t e s  t h a t  ’ a l e g i t i m a t e  
name or e p i t h e t  may n o t  be r e p la c e d  m ere ly  because : (1) i t  i s
i n a p p r o p r i a t e  (2) i t  i s  d i s a g r e e a b le  (3) a n o th e r  name i s  p r e f e r a b l e  
(4) a n o th e r  name i s  b e t t e r  known and (5) i t  no lo n g e r  d e s c r ib e s  th e  
organism".
As p o in te d  o u t  by Gordon (1978) m ic r o b i a l  taxonomy p r o v id e s  a 
framework of communication among m icrob io log is ts  by furn ish ing  names 
of microorganisms and descrip tions  to  give meaning to  the names. Thus 
c l e a r l y  one r o l e  of  taxonomy i s  to  co n fe r  s c i e n t i f i c  meaning and as 
s ta te d  in P r inc ip le  1 of the B ac te rio log ica l Code (Lapage e t  a l . ,1976)
“ one of the e s se n t ia l  po in ts  in nomenclature " is  to  avoid or r e j e c t  
the  use of  names which may cause e r r o r  or con fusion" . V. c h o le r a e  01 
and non 01 a p p ears  to  r e p r e s e n t  a s p e c i a l  case  of  c o n f l i c t .  I t s  
nomenclature undoubtedly conveys the wrong meaning; not because of the 
ru le s  embodied in to  the B ac te rio log ica l Code but because fo r  a century 
the  e p i t h e t  c h o le ra e  has been synonymous w i th  the  d i s e a s e  c h o le ra .  
C le a r ly  the  usage of th e  e p i t h e t  c h o le ra e  needs to  be changed. This  
can be ach ieved  under Rule 23 (a) Mote 4 in  which the  J u d i c i a l
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Commission of  th e  I n t e r n a t i o n a l  A s s o c ia t io n  o f  M ic r o b io lo g ic a l  
S o c ie tie s  can made exceptions to  the ru le s  which govern the p r io r i ty  
of names.
To overcome the re a l  problem associa ted  w ith the repu ta tio n  of the 
e p i t h e t  c h o le ra e  a new s p e c i f i c  e p i t h e t  i s  needed. In  t h i s  way the  
s p e c ie s  name would be changed bu t th e  s u b s p e c i f i c  e p i t h e t s  would 
remain unchanged. NCVs could then be ascribed  a subspec if ic  e p i th e t  
w i th in  th e  new s p e c ie s .  The s p e c i f i c  e p i t h e t  should  be n e u t r a l  and 
should not in d ica te  e i th e r  the pathogenic or the f re e  l iv in g  nature  of 
s t r a i n s .  F i n k e l s t e i n  (1973) has su g g es ted  t h a t  NCVs should  be 
ascribed species  s ta tu s  and proposed the name e n te r id is . In th i s  
s tudy  th e r e  was i n s u f f i c i e n t  v a r ia n c e  betw een th e  3 b io ty p e s  to  
su p p o r t  such a p ro p o sa l .  The e p i t h e t  e n t e r i d i s  has a p a th o g en ic  
c o n n o ta t io n  and as a l r e a d y  noted  t h i s  i s  u n d e s i r a b le .  Since  i t  i s  
proposed to  combine the pandemic cholera s t r a in s  with the f re e  l iv in g  
v a r i e t i e s  i t  i s  more appropria te  to  i l l u s t r a t e  the composite nature  of 
the species. However i t  i s  f e l t  th a t  the re sp o n s ib i l i ty  fo r  f inding  
an appropria te  sp e c if ic  e p i th e t  fo r Vj_ cholerae should not be given to  
one i n d i v i d u a l  b u t  s h o u ld  be c o o r d i n a t e d  th r o u g h  t h e  V i b r io  
Subcommittee. In th i s  way the opinion of the leading workers in the 
V ib r io  f i e l d  can be ex p ressed  and c o n s o l id a te d  i n t o  a fo rm al 
recommandat io n .
Notwithstanding the nomenclature problem of the V^  cholerae  group, 
i t  i s  recommended th a t  two non 01 JL cholerae biotypes be recognised. 
Thus V. c h o le ra e  would c o n s i s t  of  f i v e  su b sp e c ie s :  c h o l e r a e : El Tor: 
a l b e n s i s : o a ra c h o le ra e  and g indha . The two non 01 ^  c h o le r a e  
biotypes, paracholerae and rdndha were named in recognition  of the 
e a r l i e r  r e s e a r c h e s  e s p e c i a l l y  Chalmers and W a te r f ie ld  (1916) and 
C a s t e l l a n i  (1916). The su b sp e c ie s  p a r a c h o le r a e  i s  a p p l ie d  to  NCVs 
w h ich  b e lo n g  t o  H e ib e rg  g ro u p  I  and I I  w h i l s t  s u b s p .  fzindha 
incorporates the Heiberg group V s t r a in s .  S tra in s  6 and 5 rep resen t 
working type s t r a in s  of these two subspecies respec tive ly .
The biotype separation  of Rindha s t r a i n s  (Heiberg group V) from the 
o th e r  H eiberg groups of non 01 c h o le r a e  i s  su p p o rted  by th e
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f indings of two independent groups. Furriiss _et âi«?(1978) noted th a t  
Heiberg group V s t r a i n s  o f  c h o le ra e  non 01 d i f f e r  in  fo u r  main 
c h a r a c t e r i s t i c s  from o th e r  NCVs. D is t in g u is h in g  t e s t s  in c lu d e d :  
Voges-Proskauer reac tion , amylase a c t i v i t y ,  c h ic k  c e l l  a g g lu t in a t i o n  
and ferm entation  of sucrose. In t h i s  study Heiberg group V NCVs were 
only  d i s t i n g u i s h e d  from o th e r  NCVs by t h e i r  i n a b i l i t y  t o  fe rm e n t  
su c ro se  and t h e i r  n e g a t iv e  V oges-Proskauer r e a c t io n .  However in  
c o n t r a s t  to  F u rn is s  e t  &1.,(1978) o b s e rv a t io n  H e ib e rg 's  group V 
v ib r io s  were invariab ly  r e s i s ta n t  tu  polymyxin EL a prelim inary  
communication Fanning et ^ .,(1980)no ted  th a t  Heiberg group V v ib r io s  
were only 20 -  50% re la te d  to  the type s t r a in  of cholerae 01 by DMA 
hybrid isa tion  experiments. This su g g e s ts  t h a t  H eiberg  group V NCVs 
c o n s t i t u t e  a g e n o sp ec ie s  d i s t i n c t  from V. c h o le ra e  01. From t h i s  
study i t  i s  recommended th a t  only biotypes s ta tu s  should be ascribed 
to  Heiberg group V v ib rio s .
1.2.2.2. Vi. metschnikovii and phenon B2 s t r a in s
The V. m e tsc h n ik o v i i  phenon d id  n o t  s e p a ra te  from th e  V. c h o le r a e  
c l u s t e r  u n t i l  th e  76% l e v e l  of s i m i l a r i t y .  However t h e r e  a r e  many 
im p o r ta n t  and c o n s i s t a n t  d i f f e r e n c e s  between the  two phenons which 
ju s t i f y  th e i r  separa te  taxonomic rank. Of b ac te r io lo g ic a l  importance 
th e  Vi. m e tsc h n ik o v i i  s t r a i n s  a re  o x id ase  and n i t r a t e  n e g a t iv e .  The 
mean DNA base  co m p o sit io n  o f  2 s t r a i n s  was 43.3%GC. This  v a lu e  i s  
much lo w e r  th a n  t h e  mean v a l u e  o f  46.9 o b t a i n e d  from  t h e  
d e te r m in a t io n s  o f  13 V. c h o le ra e  s t r a i n s .  Thus on phene t i c  and %GC 
c o m p o sit io n  t h i s  group cannot be c o n s id e re d  os a b io ty p e  of V. 
c h o le ra e  (Shewan & Veron, 1974). These f in d in g s  a g re e  w ith  the  
proposal of Lee e t  al.,(1978b) t h a t  these oxidase and n i t r a t e  negative 
V ibrio-l ik e  organisms deserve th e i r  own species s ta tu s .  Tne e p i th e t  
m etschnikovii, as proposed by Lee .et a l . ,(  1978b) i s  th e re fo re  used.
The V. m e tsc h n ik o v i i  phenon was only composed of  3 s t r a i n s .  Two 
s t r a i n s  were r e f e r e n c e  c u l t u r e s :  th e  l e c t o t y p e  (KCTC 8443) and th e  
working s t r a i n  (MCTC 11170) proposed by Lee .et ^ . , ( 1 978b). The 
l e c t o t y p e  was i s o l a t e d  from d i s e a s e s  o f  fo w ls  w h i l s t  t h e  working 
s t r a in  was iso la te d  from cockles. The o ther s t r a in  of th i s  phenon was
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iso la te d  from cowdung in  Bangladesh. This s t r a in  (116) was s l ig h t ly  
a t y p i c a l  in  t h a t  i t  la ck ed  c h i t i n a s e  and l i p a s e  b u t  o th e rw is e  
conformed to  the d esc rip tio n  of the species. No metschnikovii type 
organisms was iso la te d  from d ia rrhoea l p a t ien ts .
Like metschnikovii . phenon B2 was composed of only a few s t r a in s  
which were s i m i l a r  to  s t r a i n s  o f  V. c h o le r a e . Phenon B2 i s  r e a d i l y  
d i f f e r e n t i a t e d  from th e se  two s p e c ie s  b u t  cannot be a s s ig n e d  to  any 
other recognised Vibrio species. The charac te rs  which d is t in g u ish  B2 
s t r a in s  from the V. metschnikovii phenon include re s is ta n c e  to  lOug of 
0129; o r n i t h i n e  d e c a rb o x y la se ,  a r g in in e  d ih y d ro la s e ,  o x id a se  and 
amylase a c t iv i ty .  With most id e n t i f i c a t io n  schemes the two s t r a in s  of 
phenon B2 would be i d e n t i f i e d  as  c h o le ra e  bu t c l e a r l y  t h e i r :  
re s is ta n c e  to  lOug of 0129; requirement fo r  NaCl, ferm entative  action  
on s o rb i to l  and in o s i to l  and th e i r  f a i lu r e  to  reduce n i t r a t e s ,  exclude 
them from th i s  species. iLn order to  recognise more s t r a in s  l ik e  these 
i t  i s  e s s e n t i a l  t o  i n c l u d e  th e  n i t r a t e  t e s t s  in  p r e l i m i n a r y  
i d e n t i f i c a t i o n  schemes.
The two phenon B2 s t r a in s  charac te r ised  in  ü i i s  study were iso la te d  
from water samples taken from the Maldive is lands . S im ilar  s t r a in s  to  
th e se  have been r e c e iv e d  by th e  VRL, M aidstone. T h e ir  s t r a i n s  were 
iso la te d  from the River Humber near Hull, Dutch cooked cockles and an 
unknown sou rce  in  Y ugoslav ia . W h ils t  th e  taxonom ic s t a t u s  o f  a l l  
th e se  s t r a i n s  has  to  be d e te rm in e d  th e  %GC co m p o sit io n  of some o f  
th e s e  s t r a i n s  has a l r e a d y  been conducted . The two M aldive s t r a i n s  
possessed a %GC composition of 43/^  s im i la r ly  5 s t r a in s  received from 
th e  VRL c o n ta in ed  a %GC co m p o sit io n  of  43.3 ±  0.5. The DNA base  
composition r e s u l t s  ind ica te  th a t  th e i r  separa tion  from V. cholerae i s  
j u s t i f i e d  b u t  a DNA h y b r id i s a t i o n  assay  must be done b e fo re  th e s e  
s t r a i n s  can be s e p a ra te d  from th e  V. m e tsc h n ik o v i i  group on g e n e t i c  
grounds.
1.2.2.3. A. h v d ro p h ila
The s i m i l a r i t y  of th e  an ae ro g en ic  aeromonads to  V. c h o le r a e  has 
been no ted  fo r  some t im e  (S akazak i e t  a%.,1967). In  some in s t a n c e s
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aeromonads have tœem m is id e n t i f ie d  as NCVs or IMG v ib r io s  (McIntyre 
and Feeley, 1965). In t h i s  study phenon C, the Aeromonas c lu s te r  did 
n o t  l i n k  w i t h  t h e  c h o l e r a e  phenon u n t i l  t h e  70% l e v e l  o f  
s im i la r i ty .  Thus w h i ls t  there  are  many s im i l a r i t i e s  between these two 
groups s e v e ra l  fundam enta l d i f f e r e n c e s  e x is t .  Notably the fe a tu re s  
which d is t in g u ish  aeromonads from V. c h o le r a e  in c lu d e  r e s i s t a n c e  to  
150ug o f  0129; a r g in in e  d ih y d ro la s e  b u t  no o r n i t h i n e  d e c a rb o x y la se  
a c t iv i ty .  Within the A&. hvdrophila phenon there  i s  an in d ica tio n  of 
the existence of two biotypes but because of the low number of s t r a in s  
th e se  b io ty p e s  were n o t  s tu d ie d  f u r t h e r .  Minor v a r i a t i o n  in  th e  
a b i l i t y  of s t r a in s  to  ferment sucrose was noted. Thus when c la s s i f ie d  
by th e  H eiberg  ty p in g  scheme aeromonads f e l l  i n t o  H eiberg  groups I ,  
I I ;  IV, and V. S t r a i n s  re sem b l in g  th e  d e s c r i p t i o n s  of jU s o b r ia  
(Popoff & Veron, 1976) were n o t  re c o g n ise d .  In  f a c t  th e  s t r a i n  
t e n t a t i v e l y  i d e n t i f i e d  by th e  VRL M aidstone as  A. s o b r i a  c l u s t e r e d  
w i th  th e  A. h v d ro p h ila  phenon. I t  i s  q u e s t io n a b le  w hether  Popoff & 
Veron (1976) were j u s t i f i e d  in  r e c o g n is in g  A. s o b r ia  as a s p e c ie s ;  
subspecies s ta tu s  would have been more appropriate . th e i r  study 
s o b r i a was d i s t i n g u i s h e d  from A^  h v d ro p h ila  on 6 n e g a t i v e  and 1 
p o s i t iv e  a t t r i b u t e s  and thus these s t r a in s  should have regarded
as l e s s  ac t iv e  v a r ian ts .
As reviewed in the In troduction  A^  hvdrophila has been associa ted  
w i t h  d i a r r h o e a l  i l l n e s s e s  w h i l s t  t h e i r  e x p e r i m e n t a l  
enteropathogenicity  has proved to  be inconclusive. In the  numerical 
taxonomy s tudy  of th e  18 s t r a i n s  examined 7 were i s o l a t e d  from 
d ia r r h o e a l  p a t i e n t s  in  which no o th e r  pathogens  were re c o v e re d .  In 
the determ ination of b io log ica l  a c t iv i t y  12 of 28 s t r a in s  produced an 
e n t e r i t i s  r e a c t io n  in  r a b b i t s  but none e l i c i t e d  a t r u e  e n t e r o to x ic  
response. Only 2 of the 7 s t r a in s  included in the numerical taxonomic 
study  produced th e  e n t e r i t i s  r e a c t io n .  Thus th e  mechanism and 
s ign if icance  of the e n t e r i t i s  in ra b b i ts  i s  unclear. The only way in 
which the v iru lence  of these s t r a in s  fo r  man can be determined i s  by 
human feeding experiments.
292
1.2.2.4. V. f l u v i a l i s
S t r a i n s  o f  f l u v  i a l i s  d i d  n o t  s e p a r a t e  from  t h e  V.
p a ra h ae m o lv t ic u s  phenon u n t i l  t h e  74% s i m i l a r i t y  l e v e l .  There a re  
many s i m i l a r i t i e s  between the two species  including re s is ta n c e  to  10ug 
0129; t h e i r  n u t r i t i o n a l  spec trum and t h e i r  r e q u i r e m e n t  f o r  NaCl. 
However s t r a i n s  of  V. f l u v i a l i s  a re  c h a r a c t e r i s e d  by t h e i r  a r g i n in e  
d ih y d ro la s e  a c t i v i t y  and su c ro se  f e rm e n ta t io n .  On th e  b a s i s  of 
decarboxylase and dihydrolase a c t i v i t y  f l u v i a l i s  s t r a in s  resemble 
aeromonads but th e i r  s e n s i t iv i ty  to  0129 excludes them from the genus 
Aeromonas. A ll the  f l u v i a l i s  s t r a i n s  belonged to  H eiberg  group 
I I I ,  Unlike th e  f i n d i n g s  of  Lee et, a l . , (1981) no b i o ty p e s  were 
d i s c e rn e d  a l th o u g h  only 18 s t r a i n s  were s tu d ie d .  In t h i s  s tudy  th e  
reference cu l tu re s  of Lee's a e ro g e n ic  and an ae ro g en ic  b i o ty p e s  were 
n o t  s e p a r a t e d  i n t o  d i f f e r e n t  g ro u p s .  This s u g g e s ts  t h a t  gas 
p ro d u c t io n  from g lu c o se  may no t  be a c h a r a c te r  o f  s u f f i c i e n t  
d i f f e r e n t i a l  w e ig h t to  s e p a ra te  s t r a i n s  although only one aerogenic 
s t r a i n  was s tu d ie d .  The s e n s i t i v i t y  to  0129 of th e  f l u v i a l i s  
s t r a in s  studied  varied  according to  the NaCl concentration  of the t e s t  
medium; 0129 in c o rp o ra te d  i n t o  media w i th  a h igh  s a l t  C (ÿ]en tra tion  
(4p) tended to  be l e s s  i n h i b i t o r y .  For t h i s  r eason  0129 s e n s i t i v i t y  
media should not contain NaCl in  excess of 2% w/v.
Apart from the  two r e fe r e n c e  c u l t u r e s  a l l  V. f l u v i a l i s  s t r a i n s  
were i s o l a t e d  from d ia r r h o e a l  p a t i e n t s .  Like  t h e  h v d ro p h ila  
s t r a in s  th e i r  ae t io lo g ica l  ro le  in the d isease process was not f irm ly  
e s t a b l i s h e d .  Although none of  th e  19 s t r a i n s  in c lu d e d  in  the  
taxonom ica l  s tudy  produced a c h o l e r a - l i k e  to x in  8 s t r a i n s  were 
enteropathogenic for  rab b its .  Remarkably th e s e  8 s t r a i n s  were a l s o  
Kanagawa t e s t  pos i t ive  but so were 2 s t r a in s  which f a i le d  to  produce 
e n t e r i t i s  in  r a b b i t s .  No o th e r  b a c t e r i o l o g i c a l  t e s t  c o r r e l a t e d  
s ig n i f i c a n t ly  with enteropathogenici ty .  More s t r a i n s  th e re fo re  need 
to  be examined b e fo re  a f i rm  c o r r e l a t i o n  betw een e n t e r i t i s  and a 
pos i t ive  Kanagawa t e s t  reac tion  can be es tab lished .
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1.2.2.5. V. p a ra h a e m o lv t ic u s
A l l  t h e  v a r i o u s  c l u s t e r  a n a l y s i s  o r d e r e d  s t r a i n s  o f  V. 
p a ra h a e m o lv t ic u s  i n to  a s i n g l e  compact c l u s t e r .  As a l r e a d y  s t a t e d  
there  was a marked s im i l a r i t y  of t h i s  group to  s t r a in s  of  V. f lu v i a l i s  
a l th o u g h  th e  a ss ig n m en t o f  s e p a ra te  taxonom ic rank  was j u s t i f i e d .  
All IL parahaemolvticus s t r a in s  were h a lo p h il ic  and f a i le d  to  grow in 
media c o n ta in in g  0% or 10% NaCl. Most s t r a i n s  be longed o t  Heiberg 
group VII w h i l s t  a few f a i l e d  to  fe rm e n t  a ra b in o se  and t h e r e f o r e  
belonged to  Heiberg group V. A number of t e s t s  d i f f e r e n t i a t e d  the  
Heiberg group V s t r a i n s  of  ^  c h o le r a e  and Va_ p arahaem olv t i c u s  
including s e n s i t iv i ty  to  lOug of  0129; n u t r i t io n a l  spectrum and s a l t  
requirement. Many of the ^  parahaemolvticus s t r a in s  were r e s i s ta n t  
to  lOug d i s c s  of  a m p i c i l l i n  w h i l s t  n e a r ly  a l l  non 01 c h o le r a e  
s t r a in s  were sen s it iv e .
Host Vi. p a ra h a e m o lv t ic u s  s t r a i n s  were i s o l a t e d  from d ia r r h o e a l  
p a t i e n t s  w h i l s t  a few w ere i s o l a t e d  from sewage sam ples . No 
e n t e r o t o x i c - l i k e  a c t i v i t y  was d e m o n s tra te d  among s t r a i n s .  Most 
s t r a i n s  (86%) produced e n t e r i t i s  in  r a b b i t s .  This e n te ro p a th o g e n ic  
response was not s ig n i f ic a n t ly  co rre la ted  w ith  the Kanagawa t e s t  since 
only 11 s t r a in s  (39%) produced the Kanagawa haemolysin.
1.2.2.6 M iscellaneous V ibcio -like  organisms.
Phenons F and G did  n o t  l i n k  to  the  o t h e r  main phenons u n t i l  the  
65% s im i la r i ty  leve l.  In th e i r  re s is ta n c e  to  0129, decarboxylase and 
d ih y d ro la s e  a c t i v i t y  phenon F s t r a i n s  re sem b le  aeromonads. They 
d i f f e r e d  p r im a r i l y  by t h e i r  s e n s i t i v i t y  to  a m p i c i l l i n ,  and H^S 
p ro d u c tio n .  Since  phenon F was composed of only  3 s t r a i n s  no 
taxonomic rank was ascribed. One s t r a in  (154) was id e n t i f ie d  by the 
VRL as Aj_ h v d r o p h i l a . I t  t h e r e f o r e  a p p ea rs  t h a t  th e s e  3 s t r a i n s  
r e p r e s e n t  v a r i a n t s  o f  A. h v d ro p h ila  subsp. a n a e ro a e n e s . In o rd e r  to  
recognise more of these s t r a in s  the use of  Aeromonas s e le c t iv e  media, 
which incorporates  a m p ic i l l in ,  should be discouraged. The two s t r a in s  
which com prise  phenon G were non f e r m e n ta t iv e ,  o x id a se  p o s i t i v e ,  
m o t i le .  Gram n e g a t iv e ,  rod shaped o rg an ism s. S t r a i n  121 was
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t e n t a t i v e l y  i d e n t i f i e d  as  Pseudomonas s t u t z e r i . The i n c l u s i o n  of  
th e s e  two s t r a i n s  in  th e  s tu d y  was a c c i d e n t a l :  t h e i r  a b i l i t y  to  
d e c o l o u r i s e  pH i n d i c a t o r s  was i n i t i a l l y  m is tak en  f o r  a weak 
ferm entation  reac tio n  in  Hugh & Leifson 's  OF te s t .
The two s t r a i n s  which com prise  phenon H d id  n o t l i n k  to  th e  
rem a in in g  s t r a i n s  of t h i s  s tudy  u n t i l  th e  63% s i m i l a r i t y  l e v e l .  Both 
s t r a in s  were id e n t i f i e d  as E. c o l i . These 2 s t r a in s  were included in  
t h e  t a x o n o m ic a l  s tu d y  s o l e l y  a s  r e f e r e n c e  p o i n t s  f o r  th e  
i n t e r p r e t a t i o n  of r e s u l t s .  C lu s te r  a n a ly s i s  was t h e r e f o r e  a b le  to  
c l e a r l y  d i s t i n g u i s h  m em bers o f  t h e  V i b r io n a c e a e  f rom  th e  
Pseudomonadaceae and Enterobacteriaceae.
1.22.7. Taxonomy of i s o la te s  assoc ia ted  with d ia rrhoea l d isease
One of the  main aim s of  t h i s  p r o j e c t  was to  c h a r a c t e r i s e  V i b r io -  
l ik e  organisms associa ted  w ith  human d iarrhoeal d isease. However i t  
was re a l is e d  th a t  fo r  the r e s u l t s  to  Ids meaningful s t r a in s  from a wide 
v a r ie ty  of ecological and geographical sources had to  be studied. For 
th i s  reason the  main taxonomic study was conducted on a c o l le c t io n  of 
195 s t r a in s  iso la te d  from a v a r ie ty  of sources. Nevertheless i t  was of 
i n t e r e s t  to  d e te rm in e  th e  taxonom ic r e l a t i o n s h i p  o f  V ib r io - l i k e  
o rgan ism s i s o l a t e d  from d ia r r h o e a l  p a t i e n t s  a t t e n d in g  the  Cholera  
h o sp ita l ,  Dacca, Bangladesh. Such an an a ly s is  was conducted and 1die 
s ign if icance  of the r e s u l t s  w i l l  now be discussed.
The taxonom ic r e l a t i o n s h i p  of  th e  62 s t r a i n s  i s o l a t e d  from 
d ia r r h o e a l  p a t i e n t s  was compared w i th  th e  18 r e f e r e n c e  c u l t u r e s .  
V ib r io s  a s s o c ia t e d  w i th  d i a r r h o e a l  i l l n e s s  in  Dacca, Bangladesh 
re p re s e n te d  c h o le ra e  01 and non 01 ; jk. p a r a h a e m o l v t i c u s . V. 
f l u v i a l i s  and hvdrophila. The b a c te r io lo g ic a l  p ro p e r t ie s  of these 
4 species  conformed to  the desc rip tio n s  given in the main taxonomic 
s tudy  (page 177). In no in s t a n c e s  were o rgan ism s re se m b lin g  V. 
m etschnikovii. V. a lbens is  and the a ty p ic a l  v ib r io s  ( s t r a in s  120 and 
phenon B2) i s o l a t e d .  Among t h e  non 01 V. c h o le ra e  of c l i n i c a l  o r ig i n  
two b io ty p e s ,  co rre sp o n d in g  to  H eiberg  group I  and I I  and H eiberg  
group V r e s p e c t i v e l y  were re c o g n ise d .  Again non 01 V. c h o l e r a e
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s t r a in s  which produced a CT-like toxin were not r e s t r ic te d  to  a s ingle  
biotype. Thus an i d e n t i f i c a t i o n  scheme fo r  the recognit ion of human 
diarrhoeagenic v ib r io s  must include te s t s  which separate  4 main 
spec ies  a sso c ia ted  w ith d ia rrh o ea l i l ln e s s .  However the  recogn ition  
of en tero tox igen ic  and enteropathogenic v a r ie t ie s  can however only ba 
determined d ire c tly .
12.3 P rin c ip a l component an a ly s is
P rinc ipa l component an a ly s is  (PCA) was employed as an a l te r n a t iv e  
c l a s s i f i c a t i o n  te c h n iq u e  to  t h a t  of  c l u s t e r  a n a ly s i s .  The main 
taxonom ic groups formed by PCA were s i m i l a r  to  th o se  o b ta in e d  by 
c l u s t e r  a n a ly s i s .  S ince bo th  te c h n iq u e s  d i f f e r  in  methodology th e  
concordance in group s tru c tu re  was in te rp re ted  to  r e f l e c t  th e i r  r ea l  
nature and not an a r t e f a c t  generated by the computational processes.
The p r in c ip a l  component map, d e r iv e d  from e ig e n v e c to r s  1 and 2, 
contained only 17.4% of the t o t a l  t e s t  v a r ia t io n .  This suggests th a t  
82.6% of th e  t e s t  d a ta  was no t u t i l i s e d  and t h e r e f o r e  was w asted . 
However s in c e  t h e r e  was no d i f f e r e n c e  in  the  s t r u c t u r e  of the  
taxonomic groups i t  would appear th a t  t h i s  i s  not the  case. Instead  
many of the  t e s t s  a re  of  l i m i t e d  d i f f e r e n t i a l  v a lu e  and mere ly  
represen t "taxonomic noise" th a t  i s  t e s t s  which have no re a l  taxonomic 
v a lu e .  Thus when t e s t s  a re  chosen s p e c u l a t i v e ly ,  as  in  th e  p r e s e n t  
s tu d y ,  a l a r g e  p ro p o r t io n  of the  d a ta  r e p r e s e n t s  l i t t l e  more than  
random v a r ia t io n .  The 17.4% of the to t a l  t e s t  v a r ia t io n  included in 
the f i r s t  two p r in c ip a l  components rep resen ts  the best v a r ia t io n  which 
can be ex trac ted  from the data by PCA.
One advantage of  PCA was t h a t  th e  p r i n c i p a l  component maps were 
e a s i e r  to  u n d e rs tan d  t h a t  the  dendrogram s s in c e  c l u s t e r s  were 
g r a p h i c a l l y  i l l u s t r a t e d .  However i n  PCA t h e  r e c o g n i t i o n  o f  
s u b c lu s t e r s  or phenons composed o f  2 t o  3 s t r a i n s  was d i f f i c u l t .  
F ur the rm ore  whereas some groups were w e l l  d e f in e d  and compact and 
hence formed c l u s t e r s  (V. c h o le ra e  01 and non 01) o th e r s  w ere more 
d i f f u s e  (Aeromonas) and more d i f f i c u l t  to  c i r c u m s c r ib e .  D i f fu s e  
groups a r is e  as a r e s u l t s  of s t r a in s  having a f f i n i t i e s  with two other
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c l u s t e r s  and c o n se q u e n tly  a re  p laced  in  an i n t e r m e d ia t e  p o s i t io n  
betw een the  two s i m i l a r  c l u s t e r s .  Among th e  V ib r io - l i k e  organism  
s tu d ie d  th e  c h o le r a e  01 and non 01, Ik. p a ra h a e m o lv t ic u s  and V. 
f l u v i a l i s  c l u s t e r s  were c l e a r l y  d isc e rn e d  by PCA. The aeromonad 
c l u s t e r  was more d i f f u s e  and in c lu d e d  t h e  E. c o l i . s t r a i n  120, V. 
a lbens is  and phenon F s t r a in s .
For these reasons c lu s te r  ana ly s is  i s  to  be favoured as the  method 
of choice fo r  numerical taxonomical s tud ies .  However since the same 
d a ta  m a tr ix  s e rv e s  as  an in p u t  f o r  bo th  ty p es  o f  program s th e  two 
approaches can be run concurrently. There i s  a re a l  value in  the dual 
approach since a high degree of concordance between the r e s u l t s ,  such 
as was shown in  the present study, gives some measure of the re l ia n c e  
which might be placed on these r e su l ts .
1.3 Base composition of the main taxonomic groups
The v a l i d i t y  of th e  groups formed by v a r io u s  m u l t i v a r i a t e  
s t a t i s t i c a l  p ro ced u res  on th e  b a c t e r i o l o g i c a l  t e s t  r e s u l t s  were 
i n v e s t i g a t e d  by an ex am in a tio n  o f  th e  base  co m p o s it io n  o f  s e l e c t e d  
r e p r e s e n t a t i v e  o rgan ism s. Base c o m p o s it io n s  were d e te rm in e d  by 
ex trapo la tion  of the 50% hyperchromicity increase using the  formula of 
Owen & H il l  (1979; see page 136). Although the general p r in c ip le  of the  
thermal dénatura tion  method i s  simple the technique i s  extremely time 
consuming. For th i s  reason the method i s  not p a r t ic u la r ly  su ited  to  
t h e  l a r g e  s c a le  t e s t i n g  o f  many s t r a i n s .  F u r th e rm o re  th e  r e s u l t s  
obtained can only be used to draw negative taxonomic inferences. As 
p o in te d  ou t  in  th e  I n t r o d u c t io n  (page 26) two s t r a i n s  w i th  i d e n t i c a l  
base composition may not n ecessar i ly  belong to  the same species  but 
two s t r a i n s  w ith  a base co m p o sit io n  d i f f e r e n c e  of  a t  l e a s t  5% 
c o n s t i t u t e  d i f f e r e n t  s p e c ie s .  However b a c t e r i a  p h e n e t i c a l l y  v e ry  
s im i la r  and possessing id e n t ic a l  base composition are usually  included 
in  a s in g l e  taxonom ic group ( sp e c ie s )  u n t i l  such s t u d i e s  as  DMA 
hybrid isa tion  in d ica te  otherwise. Thus the dual approach of numerical 
taxonomy and base composition determ inations i s  of r e a l  value  in the 
estab lishm ent of good taxonomic groups.
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to  the increasing  importance of base composition determ ination 
in  b a c t e r i a l  taxonomy th e r e  have been many a t t e m p ts  a t  d eve lop ing  
ra p id  d e te r m in a t io n  methods. These have ranged from th e  use of 
p a r t i a l l y  p u r i f i e d  DNA (Owen & L a p a g e ,  1976) t o  a g a r o s e  g e l  
e lec tro p h o res is  of s in g le  colony ly sa te s  (Gilpin and Dale, 1979). "Dve 
s ing le  colony ly sa te  technique has the advantage th a t  a determ ination 
can be made w ith in  24 hours of i n i t i a l  iso la t io n .  However these so 
c a l l e d  r a p i d  t e c h n i q u e s  s u f f e r  from  th e  d ra w b a c k s  o f  poor 
re p ro d u c ib i l i ty  and accuracy. Thus fo r  d e f in i t iv e  taxonomic s tu d ies  
the t r a d i t io n a l  time consuming methods must be employed. However the 
r a p id  methods do have c o n s id e ra b ly  p rom ise  in  a s s i s t i n g  in  th e  
id e n t i f ic a t io n  of phonet ica l ly  s im ila r  groups with markedly d i f f e r e n t  
base co m p o sit io n  e.g. V. f l u v i a l i s  and A. h v d r o p h i l a . Thus in  t h i s  
case the rapid  base composition determ ination method i s  a g re a t  aid in 
i d e n t i f i c a t i o n .  However in  t h i s  s tudy  th e  purpose o f  th e  base 
com p o sit io n  d e te r m in a t io n s  was to  add su p p o r t  to  th e  taxonom ic 
in f e r e n c e s  based on p h e n e t ic  d a ta .  Thus r a p id  methods were n o t  
su itab le .  They were considered to  be too inaccurate . As pointed out 
by DeLey (1970) s in c e  th e  %GC c o n te n t  i s  an im p o r ta n t  b i o l o g i c a l  
c o n s ta n t  of a b ac te r iu m  i t  should  be d e te rm in e d  w i th  t h e  h ig h e s t  
accuracy fo r  taxonomic purposes.
The thermal dénaturation  technique was found to  be a convenient and 
r e p r o d u c i b l e  method. Some i n i t i a l  problem s were en co u n te red  in 
e s t a b l i s h i n g  th e  te c h n iq u e s .  As s t a t e d  e a r l i e r  (page 221) th e  f i r s t  
ba tch  of  18 p u r i f i e d  DMA sam ples were d e s tro y e d  due to  p h y s ic a l  
d e g ra d a t io n  of the  DNA as a r e s u l t  of s to r a g e  in  too  d i l u t e  a 
s o l u t i o n .  Another problem was in  the  p u r i f i c a t i o n  of DNA a f t e r  th e  
enzymatic trea tm ent s teps, the pu rity  of DNA i s  normally determined 
from the r a t io  of absorbance readings a t  280 and 260nrn. Pure DNA has 
a peak absorbance a t  260nrn w h ils t  the p ro te in  absorbance peak i s  a t  
280nm. Acording to Marmur (1961) p u r if ie d  DNA gives a 280/260 r a t i o  
o f  0.515. Thus a l l  t e s t  DNA sam ples were p u r i f i e d  to  g iv e  280/260 
r a t i o s  o f  0.50 t o  0 .5 2 .  T h is  u s u a l l y  i n v o l v e d  a t  l e a s t  8 
d e p r o t e i n i s a t i o n  s t e p s  and took a t  l e a s t  2 days t o  acco m p lish . A 
c o n s id e ra b le  sav ing  in  t im e  and expense would be made i f  t h i s  
d e p r o t e i n i s a t i o n  s te p  could  be sh o r te n e d .  There appea rs  to  be no
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s ta n d a rd  g u i d e l i n e  as  to  th e  degree  of  DNA p u r i t y  r e q u i r e d  f o r  an 
accurate  base composition determ ination. Owen & Lapage (1976) noted 
no a p p r e c ia b le  d i f f e r e n c e  in  %GC c o n te n t  of  p u r i f i e d  DNA and DNA 
contaminated w ith pro te in . Gibson and Ogden (1979) recommended th e  
p u r if ic a t io n  of DNA by chromatography on a column of Sepharose 4B. A 
c a r e f u l  e v a l u a t i o n  o f  t h e  v a r i o u s  m e th o d s  o f  b a c t e r i a l  DNA 
p u r if ic a t io n  concentrating on y ie ld , pur i ty ,  s im p lic i ty  and ra p id i ty  
would there fo re  be a useful  research  p ro jec t.
The base compositions of the unlmown t e s t  s t r a in s  were expressed 
r e l a t iv e  to  the reference  co l i  s t r a in s .  This was done in order to  
f a c i l i t a t e  the  comparison of base composition determ inations conducted 
in d i f f e r e n t  la b o ra to r ie s  often  by d i f f e r e n t  te c h n iq u e s  and fo l lo w s  
the  recom m endation of Owen & H i l l  (1979). Reference DNA (E. c o l i  
s t r a in  NCTC 10537) was prepared on 4 separate  occasions in conjunction 
w i th  each b a tch  of 12 t e s t  s t r a i n s .  For th e rm a l d é n a tu r a t io n  
determ inations the reference DNA was te s te d  on the same following 
day th a t  t e s t  DNA samples were being analysed.O"\/er the t e s t  period 16 
determ inations were conducted on DNA from the reference  E. c o l i  s t r a in  
and the mean value was incorporated in to  the appropria te  formula (see 
page 136). This degree of s tand a rd isa tio n  was necessary to  e s ta b l is h  
the technique in the labora to ry  and to  give confidence to  the r e s u l t s  
obtained with the unknown s t r a in s .  The degree of re l ia n c e  th a t
can be attached to  the r e s u l t  of the base composition determ ination i s  
exemplified by Wie ex ce l len t  concordance between the published and the 
present study 's Iba&e r a t i o  r e s u l t s  on 4 NCTC s t r a in s  (see page 230).
The phenons formed cm phenetic inform ation were charac te r ised  by 
d i s t in c t iv e  narrow base composition ranges. The mean %GC composition 
o f  r e p r e s e n t a t i v e  s t r a i n s  o f  jk  c h o l e r a e . A. h v d r o p h i l a , V. 
p a ra h a e m o lv t ic u s , V. f l u v i a l i s  and V. me t s hc h n ik o v i i  was 46.9, 59.6, 
45.6, 50.4 and 43.3 r e s p e c t i v e l y .  On p h e n e t ic  and base co m p o s it io n  
r e s u l t s  th e s e  r e p re s e n te d  good taxonom ic groups. Clear d iffe ren ces  
ex is ted  in  the base compositions ranges of  cholerae (45.9 -  48.2); 
V. f l u v i a l i s  ( 49.9 -  51.7) and A. h v d ro p h ila  (58.2 -  61.9).  Although 
some o v e r lap  was no ted  in  the  base c o m p o s it io n  ran g es  betw een V. 
c h o le r a e  (45.9 ~ 48.2) and V^ . p a ra h a e m o lv t ic u s  (44.7 -  46.5) t h i s
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f in d in g  was c o n s id e re d  to  have no taxonom ic s ig n i f i c a n c e .  The %GC 
c o m p o s it io n s  of s p e c ie s  w i th in  the  genus V ib r io  ranged from 43.3 -
50.4 w h i l s t  th e  range f o r  th e  m o t i l e  aeromonads was from 57.8 -  
61.9SGC. Thus th e  r e s u l t s  of base co m p o sit io n  su p p o r t  th e  g e n e r ic  
separa tion  of v ib r io s  and aeromonads.
One of th e  aim s o f  t h i s  s tudy  was to  c h a r a c t e r i s e  more f u l l y  
s t r a i n s  c o l l o q u i a l l y  r e f e r r e d  to  a s  NCVs or NAGs v i b r i o s .  The 
recommendation th a t  NCVs be included in the species JL cholerae. was 
based on e x te n s iv e  d a ta  from n u m e r ic a l  taxonom ic (S akazak i ^  
^ . j 1 9 6 7 ;  C o lw ell  1970), enzyme a n a ly s i s  (Adeymo e t 1967; Hsieh 
and L iu ,  1970) and DNA/DNA h y b r id i s a t io n  s tu d i e s  ( C i t a r e l l a  and 
Colwell; 1970) on a l im i te d  number of s t r a in s .  These e a r l i e r  s tud ies  
f a i l e d  to  in c lu d e  a r e p r e s e n t a t i v e  number of s t r a i n s  o f  wide 
geographic o r ig in  and ra re ly  included NCV s t r a in s  of Heiberg group V. 
I t  i s  hoped th a t  such shortcomings have been overcome in  t h i s  study. 
The phenetic r e s u l t s  of th i s  study support the inc lusion  of NCVs in  V. 
c h o le r a e  bu t  i n d i c a t e s  t h a t  a t  l e a s t  two b io ty p e s  o f  NCVs should  be 
recognised. I t  was th e re fo re  of g re a t  i n t e r e s t  to  determine the base 
composition of a rep resen ta t iv e  number of NCVs to  see whether there  
was any sub tle  d iffe rence  between the t^jo proposed NCV biotypes. Of 
11 NCVs examined 6 s t r a in s  belonged to  biotype 1 (paracholerae) and 5 
to  b io ty p e  3 (e in d h a ). The g e n e ra l  t r e n d  o f  r e s u l t s  was f o r  th e  
paracholerae s t r a in s  to  have a s l i g h t l y  h ig h e r  %GC co m p o sit io n  than  
the Rindha s t r a in s .  Tlie mean %GC fo r  6 paracholerae s t r a in s  was 47.4 
±  0.7 w h i l s t  t h a t  f o r  5 Rind ha s t r a i n s  was 46.3 ±  0.5. This 
d i f f e r e n c e  in  mean base co m p o sit io n  was s i g n i f i c a n t  a t  th e  0.001 % 
l e v e l .  W h ils t  i t  i s  r e a l i s e d  t h a t  t h i s  s e p a ra t io n  i s  made a t  the  
l i m i t s  of the s e n s i t iv i ty  of the assay the pa t te rn  of r e s u l t s  i s  too 
s t r i k i n g  to  be ig n o re d .  There i s  no q u e s t io n  of th e  e x c lu s io n  of 
these  biotypes form Ik. cholerae the issue  i s  whether these biotypes 
should be r e c o g n ised  as such or am algam ated i n t o  a s i n g l e  b io  type. 
P h o n e t i c a l l y  t h e s e  tw o b i o t y p e s  d i f f e r e d  on a t  l e a s t  two 
bac te r io log ica l  t e s t s .  In a d d i t io n  t h e i r  base  co m p o sit io n  i n d i c a t e  
minor sequence divergence. Tnis d iffe rence  now needs to  be confirmed 
by DNA/DNA h y b r id i s a t i o n  ex p e r im en ts  and more s t r a i n s  should  be 
examined to  e s t a b l i s h  a f i r m e r  r e l a t i o n s h i p .  Two ]k c h o le r a e  01
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s t r a i n s  w ere found to  p o s se s s  a mean %GC v a lu e  of 47.2 a v a lu e  which 
was not s ig n if ic a n t ly  d i f f e r e n t  from the  paracholerae biotype but was 
s i g n i f i c a n t l y  d i f f e r e n t  from th e  s in d h a  b io ty p e  (P > 0.005).  Thus 
s t r a in s  of V. cholerae 01 and non 01 possessed %GC compositions w ithin  
th e  range 45.9 -  48.2 w ith  a mean v a lu e  of 46.9 ±  0.6. Thus w i th in  
the species  Ik cholerae there  was phenetic and %GC composition r e s u l t s  
which supported the  biotype separation  ofjgindha s t r a in s  from biotypes 
paracholerae and the 01 El Tor s t r a in s  and only se ro lo g ica l  evidence 
to  support the separation  of the l a t t e r  two biotypes.
The mean base co m p o sit io n  of  two jk_ m e t s c h n ik o v i i  s t r a i n s  was
43.3%GC. This value i s  much lower ttian the  range observed fo r  the 13
h
V. c h o le r a e  s t r a i n s .  %is f i n d i n g  coupled w i th  th e  p h e n e t ic  d a ta  
corroborates the exclusion of metschnikovii s t r a in s  from jk. cholerae. 
S im ila rly  conclusions have been made by R eiche lt  e t  .^.,(1976) and Lee 
e_t o2.,(  1978b). P h e n e t i c a l l v  V. m e tsc h n ik o v i i  la c k s  two e s s e n t i a l  
f e a t u r e s  o f  th e  genus V ib r io : namely o x id a se  and n i t r a t e  r e d u c ta s e  
a c t iv i ty .  However on t h e i r  s e n s i t iv i ty  to  0129 base composition and 
o th e r  b io ch em ica l  p r o p e r t i e s  Lee .et  . a l . , (1978b) a s c r ib e d  s p e c ie s  
s ta tu s  to  these organisms and recommended th e i r  re te n t io n  w ith in  the  
genus V ib r io . This  p ro p o sa l  i s  su p p o rted  by th e  r e s u l t s  of t h i s  
s tudy.
The taxonomic s ta tu s  of the two s t r a in s  of phenon B2 and s t r a in  120 
aw aits  fu r th e r  study. In the phenetic study these th ree  s t r a in s  most 
resem bled  th e  m e tsc h n ik o v i i  s t r a i n .  However u n l ik e  m e tsc h n ik o v i i  
s t r a in s  phenon B2 s t r a in s  were n i t r a t e  negative but oxidase p o s i t iv e  
w h ils t  s t r a in  120 was n i t r a t e  p o s it iv e  but oxidase negative. These 3 
s t r a in s  also  possessed a s im ila r  base composition to  Ik. m etschnikovii. 
The mean %GC composition of phenon B2, s t r a in  120 and V. metschnikovi i  
was 43.4; 44.0 and 43.3 r e s p e c t i v e l y .  Thus on p h e n e t ic  and base  
co m p o sit io n  d a ta  th e se  s t r a i n s  may e q u a l ly  w e l l  r e p r e s e n t  d i s t i n c t  
species or merely biotypes of the same species. Clearly more s t r a in s  
need to  be examined phonet ica l ly  and by DNA/DNA h y b rid isa tio n  before a 
s e n s ib le  p ro p o sa l  can be made. These 3 s t r a i n s  have been d e p o s i te d  
w i th  th e  VRL, Maidstone f o r  f u r t h e r  p h e n e t ic  c h a r a c t e r i s a t i o n .  
For tu i tous ly  the VRL a lso  have received s im i la r  organisms to  these 3
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V ib r io - l i k e  o rgan ism s from o th e r  w orkers . F ive  VRL s t r a i n s ,  
resembling phenon B2 of t h i s  study, possessed id e n t ia l  me%m (43J4 
± 0 /5 ) .  Another VRL s t r a in  resembling s t r a in  120 was found to  possess 
a %GC of 44 ±  0.2 very  s i m i l a r  to  th e  v a lu e  of 44.5 ±  0.15 which 
ch a ra c te r ise s  s t r a in  120. U ntil a d e ta i le d  phenetic ch a ra c te r is a t io n  
o f  a l l  o f  th e se  s t r a i n s  i s  conducted  no taxonom ic in f e r e n c e s  can be 
made.
The base  co m p o sit io n  of 9 A. h v d ro p h ila  s t r a i n s  were w i th in  th e  
range o f  58.2 -  61.9%GC. This  range  i s  c l e a r l y  o u t s id e  t h a t  of  th e  
genus V ib r io  b u t  w i th in  th e  p u b l ish e d  range of th e  s p e c ie s  (Lee et. 
a l . ,  1979). The range  in  base  co m p o s it io n  of  th e s e  h v d ro p h ila  
s t r a in s  was much wider than th a t  noted for  any other species  of th is  
s tu d y .  A w id e  r a n g e  in  b a s e  c o m p o s i t i o n  s u g g e s t s  g e n e t i c  
h e t e r o g e n e i t y  p h o n e t i c a l l y  e v id e n c e d  by a w ide  s p e c t ru m  in  
b a c te r io lo g ic a l  p roperties .  Jks in  In troduction  the taxonomy
o f  th e  m o t i l e  aeromonads has been e x tre m e ly  confused  due to  th e  
considerable v a r ia t io n  th a t  e x i s t s  among s t r a in s .  However w h ils t  the 
base composition range was w:b^ phene tica lly  the aeromonads formed a 
good phenon. Although th e r e  was an i n d i c a t i o n  of th e  p o s s ib le  
ex istence of biotypes there  was an in s u f f ic ie n t  number of s t r a in s  to  
su p p o r t  t h i s .  The th r e e  phenon F s t r a i n s  a l th o u g h  c l e a r l y  s e p a r a te  
from th e  main aeromonad phenon by c l u s t e r  a n a ly s i s  n e v e r th e l e s s  
possessed many charac ters  considered to  be d i s t in c t iv e  fo r  Aeromonas. 
One re p re sen ta t iv e  s t r a in  (74) phenon F possessed a %GC composition 
o f  63.9 ±  0.10. This v a lu e  was much h ig h e r  than  th e  range observed  
f o r  th e  A&. h v d ro p h ila  s t r a i n s .  Thus p h e n e t i c a l ly  and by base 
composition s t r a in  74 d if fe re d  from A. hvdrophila. Once again however 
the taxonomic s ta tu s  of the phenon F s t r a in s  cannot be unequivocably 
es tab lish ed  due to  the low number of s t ra in s .
The Vi. parahaemolvticus and \k  f l u v i a l i s  phenons were charac te r ised  
by a d i s t i n c t i v e  narrow base com p o sit io n  range . P h e n e t i c a l l y  both 
s p e c i e s  were s i m i l a r  b u t s e p a ra b l e  on a number of d i a g n o s t i c  t e s t s .  
In  a d d i t i o n  the  base co m p o s it io n  of th e  V. p a ra h a e m o lv t ic u s  s t r a i n s  
were much low er than t h a t  of V. f l u v i a l i s  ran g in g  r e s p e c t i v e l y  from 
44.7 -  46.5 and 49.9 -  51.7%GC. Thus each phenon deservedly warranted
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i t s  own species  s ta tu s .  Seven V parahaemolvticus s t r a in s  possessed a 
mean %GC co m p o sit io n  o f  45.6 ± 0 .6 .  However i t  should  be no ted  t h a t  
a l l  these s t r a in s  were assoc ia ted  w ith d ia rrhoea l i l ln e s s ;  none were 
d e r iv e d  from th e  env ironm en t.  N e v e r th e le s s  th e  observed  base  
co m p o s it io n  range of jk. pa rah aem o lv ticu s  accords w ith the published 
find ings  fo r  the species (Colwell, 1977). The base composition range 
of th e  5 jk. f l u v i a l i s  s t r a i n s  was a t  the  upper end of  th e  range fo r  
the  genus V ib r io : th e  mean %GC co m p o sit io n  was 50.4 0.78. A l l  5
s t r a in s  W€%'e assoc ia ted  w ith  d iarrhoeal i l l n e s s  and were anaerogenic. 
Phenet ica l ly  jk. f l u v i a l i s  s t r a in s  share many e s s e n t ia l  fe a tu re s  w ith  
both Ik  parahaemolvticus and hvdrophila. This phenetic resemblance 
i s  r e f le c ted  by th e i r  base composition which i s  in term ediate  between 
these two groups.
1.4 Computer derived schemes for  the id e n t i f i c a t io n  of v ib r io s
An i d e n t i f i c a t i o n  schem e f o r  t h e  r e c o g n i t i o n  o f  human 
diarrhoeagenic v ib r io s  was generated by the Best Test program. To be 
c% p ra c t ic a l  value i t  became c lea r  th a t  the d iagnostic  scheme based on 
th e  p resen ce  or absence of a s in g le  c h a r a c t e r  was u n s u i t a b le .  This 
was because of the inheren t f a i lu r e  of the scheme to  accommodate the 
minor v a r i a t i o n  observed  w i th  most c u l t u r e s .  For t h i s  rea so n  
subsequent a ttem pts  were mac^ to  develop a d iagnostic  ta b le  containing 
a com bina tion  o f  t e s t s .  S ince i t  was a c c e p te d  t h a t  a s in g l e  r e s u l t  
was not absolu te  the id e n t i f ic a t io n  of an unknown i s o l a t e  was proposed 
to  be made from a judgem ent on a combined r e s u l t s .  The f i r s t  
d i a g n o s t i c  t a b l e ,  (see page 217) g e n e ra te d  by th e  B est Tes t  program 
using the f a c i l i t y  for  separating  a l l  phenons from each other by th ree  
t e s t s ,  c o n s is t e d  o f  33 t e s t s .  The amount of  taxonomic in fo rm a t io n  
contained in  these 33 t e s t s  was revealed by c lu s te r  ana lys is  (see page 
218). With minor exceptions these se lec ted  t e s t s  contained s u f f i c i e n t  
information to  f a i th f u l ly  reproduce phenons id e n t i c a l  in composition 
to  those formed when a l l  121 t e s t s  were analysed.
However a l th o u g h  no t  a p p a re n t  in  th e  dendrogram the  33 t e s t s  
contained in s u f f ic ie n t  v a r ia t io n  to  separate  s t r a in s  of ] k  f l u v i a l i s  
and A^  hvdrophila by 3 t e s t  d iffe rences . A s im i la r  deficiency  in the
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a b i l i t y  to d is t ingu ish  jk. f luv ig l is .  from hvdrophila on an adequate 
number o f  t e s t s  was  n o t e d  by West (1 9 8 0 ) .  More t e s t s  w h ich  
d i f f e r e n t i a t e  th e s e  two s p e c ie s  needs to  be developed . A part from 
base composition the p r in c ip le  c r i t e r i a  f o r  s e p a r a t in g  V. f l u v i a l i s  
and Aj_ hvdrophila included 0129 s e n s i t iv i ty  and Heiberg ferm entation 
pa tte rn . As noted in  the r e s u l t 's  section  (page 2^2) 0129 s e n s i t iv i ty  
i s  g r e a t l y  in f lu e n c e d  by th e  sodium c h lo r id e  c o n te n t  of  th e  t e s t i n g  
media. I t  i s  q u i t e  p o s s ib le  t h a t  in  the  p a s t  V. f l u v i a l i s  s t r a i n s  
were m i s i d e n t i f i e d  as  aeromonads. Thus the in te rp re ta t io n  of early  
ch a ra c te r isa t io n  s tu d ies  on aeromonads should be reviewed with th i s  in 
mind.
A minimum s e t  of d ia g n o s t i c  t e s t s  was d e r iv e d  to  a s s i s t  th e  
i d e n t i f i c a t i o n  o f  Gram n e g a t iv e ,  f e r m e n t a t i v e ,  m o t i l e  o rgan ism s 
a s s o c ia t e d  w i th  d ia r r h o e a l  d i s e a s e .  In a s sem b l in g  th e s e  t e s t s  an 
emphasis was given to  the d iscrim inato ry  power, ease of prepara tion , 
s i m p l i c i t y  and r e p r o d u c i b i l i t y  of the  t e s t .  The minimal d iagnostic  
tab le  consis ted  of 11 t e s t s  and was generated so le ly  on data generated 
in  t h i s  taxonom ic s tu d y .  No a t t e m p t  was made to  in c o r p o ra te  th e  
r e s u l t s  of other taxonomic s tud ies . The minimal d iagnostic  tab le  has 
y e t  to  be t e s t e d  in  th e  r o u t in e  l a b o r a to r y  a l th o u g h  p r e l im in a r y  
s tud ies  are encouraging. Known reference c u l tu re s  of ]k_ cho le rae . V. 
m e t s c h n ik o v i i  and Ik. p a ra h a e m o lv t ic u s  have been unequ ivocab ly  
i d e n t i f i e d  by th e s e  11 t e s t s .  As ex p ec ted  th e  t e s t  s e t  can n o t 
e f fe c t iv e ly  separate  jk. f l u v i a l i s  s t r a in s  from aeromonads.
Although the development of computer a s s is te d  id e n t i f i c a t io n  i s  not  
new th e  tech n iq u e  has never  been a p p l ie d  to  th e  V ib r io n a c e a e . This 
a t tempt i s  seen simply as a prelim inary  approach providing a framework 
fo r  f u tu r e  developm ents. For th e  maximum b e n e f i t  to  be o b ta in e d  
taxonomic inform ation on more species, giving a b e t te r  rep resen ta tio n  
of  the  f a m ily ,  needs to  be ana lysed . One of  the  main ad van tages  of  
t h i s  approach  i s  t h a t  an economic minimum number of t e s t s  can be 
se lec ted  without a s ig n if ic a n t  loss  of taxonomic s tru c tu re .  Many of 
the es tab lish ed  id e n t i f ic a t io n  schemes (Furniss e t  a l . ,  (1978) fo r  the 
i d e n t i f i c a t i o n  of V. c h o le r a e  and V. p a ra h a e m o lv t ic u s  c o n t a i n s  many 
d u p l ic a te d  t e s t s .  I n s p e c t io n  of F u r n i s s 's  d i a g n o s t i c  t a b l e  r e v e a l s
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t h a t  th e  f o l l o w i n g  p a i r s  o f  t e s t s  y i e l d  t h e  same ta x o n o m ic  
inform ation: o rn ith ine  decarboxylase and growth a t  42oC; luminescence 
and pigmentation; growth cm leucine and putresc ine ; and amylase and 
g e l a t i n a s e .  T h e ir  in c lu s io n  t h e r e f o r e  g iv e s  an u n n ecessa ry  o f te n  
m is le a d in g  ch o ice  to  an i n v e s t i g a t o r  w ish ing  s im p ly  to  i d e n t i f y  an 
organism he i s  u n fam ilia r  with.
1.5 Ant ib io t ic  s e n s i t iv i ty  of v ib r io s
Tae main fea tu re  of the a n t ib io t ic  s e n s i t iv i ty  t e s t in g  data on the 
368 V ibrio-l ik e  organisms was the uniform s e n s i t iv i ty  of Ik. cholerae 
01 and non 01 to  th e  t e s t  a n t i b i o t i c s  compared to  s t r a i n s  o f  Ik 
parahaemolvticus. V. f l u v i a l i s  and A^_ h v d ro p h i la . More than  90% 
(206/233) of the non 01 Ik. cholerae s t r a in s  te s ted  were s e n s i t iv e  to 7 
or more a n t i b i o t i c s .  R e s is ta n c e  to  50 u n i t s  o f  polymyxin B (77-3%) 
and lOug of streptomycin (32.2%) was most frequen tly  noted among non 
01 ]k c h o le r a e  s t r a i n s .  In c o n t r a s t  only 46.2, 63.2 and 63.6% of 
s t r a i n s  o f  jk. p a ra h a e m o lv t ic u s : V. f l u v i a l i s  and A^  h v d ro p h ila  
r e s p e c t i v e l y  were s e n s i t i v e  to  7 or more a n t i b i o t i c s .  Among V. 
parahaemolvticus s t r a in s  r e s is ta n c e  to  am pic i l l in  (66.7%), polymyxin B 
(61.5%) and c e p h a lo th in  (56.4%) o ccu rred  most frequently . S im ilarly  
s t r a i n s  of  bo th  A h v d ro p h ila  and V. f l u v i a l i s  were most  f r e q u e n t ly  
r e s i s ta n t  to a m p ic i l l in  and cephalothin. The s ign if icance  of the low 
frequency  of  a m p i c i l l i n  r e s i s t a n c e  arnon.g. A. h v d ro p h ila  s t r a i n s  has 
already been discussed.
The most common p a tte rn  among the  23 mult ip le  r e s i s t a n t  non 01 V. 
c h o le ra e  s t r a i n s  was r e s i s t a n c e  to  polymyxin B, c e p h a lo th in ,  
streptomycin and a m p ic i l l in  (21%). Surpris ing ly  2 s t r a in s  were found 
to  be r e s i s t a n t  t o  a l l  n ine  a n t i b i o t i c s .  The r e s i s t a n c e  p a t t e r n s  
noted fo r  the non 01 jk. cholerae in t h i s  study are  considered to  
r e f l e c t  the na tu ra l  incidence of a n t ib io t ic  r e s is ta n c e  in th i s  group. 
This i s  because a la rge  number of s t r a in s  (233) rep resen ting  d i f f e r e n t  
g e o g ra p h ic a l  a re a s  and i s o l a t i o n  s o u r c e s  w ere  e x a m in e d .  The 
a n t ib io t ic  t e s t  r e s u l t s  on the non 01 ]k. cholerae are very s im i la r  to 
r e s u l t s  obtained by O'Grady .et .al.,(1976) w ith Ik. cholerae 01 s t r a in s .  
Thus w h ils t  the phenetic and genetic  s im i la r i ty  between ]k_ cholerae 01
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and îICVs (V. c h o le r a e  non 01) s t r a i n s  have been acknowledged t h i s  i s  
the f i r s t  time th a t  iüüs s im i la r i ty  has been extended to  include th e i r  
a n t i b i o t i c  s e n s i t i v i t y  p a t t e r n .  During th e  c l i n i c a l  p a r t  of t h i s  
work; conducted by Dr. Eusof a t  Cholera Research Laboratory, non 
01 Vi. c h o le r a e  d ia r rh o e a  was observed  to  be s h o r t  l i v e d  and s e l f  
l im i t in g  (Spira e t  .al., 1979). For th i s  reason a n t ib io t ic  prophylaxis 
i s  n o t  n e c e ssa ry  and shou ld  be avo ided . In th e  in s t a n c e s  where 
a n t i b i o t i c  t h e r a p y  i s  deemed n e c e s s a r y  on c l i n i c a l  g ro u n d s  
te t ra c y c l in e  remains the  drug of choice.
Tie s im i la r  p a tte rn  of a n t i b i o t i c  r e s i s t a n c e  observed  betw een ] k  
parahaemolvticus: V. f l u v i a l i s  and hvdrophila has not before been 
reported. I t  should however be pointed out th a t  most s t r a in s  of these 
3 s p e c ie s  were i s o l a t e d  from d i a r r h o e a l  p a t i e n t s  in  Bangladesh. 
Unlike non 01 ]k  cholerae the re s is ta n c e  pa t te rn  observed with these 3 
s p e c ie s  may s im ply  r e f l e c t  th e  s i t u a t i o n  in  Bangladesh. A ll th e  
Bangladesh d iarrhoeal d isease  associa ted  i s o la t e s  were i so la te d  frcm 
p a t ie n ts  whe ha^ received no p r io r  a n t ib io t ic  therapy. However i t  i s  
q u i t e  p o s s ib le  t h a t  th e se  s t r a i n s  a c q u ire d  a n t i b i o t i c  r e s i s t a n c e  
during th e i r  transm ission  through the community. The s ig n if ican ce  of 
th e s e  r e s u l t s  t h e r e f o r e  has to  be rev iew ed  w ith  t h i s  in  mind. 
Nevertheless, i f  necessary te t ra c y c l in e  remains the drug of choice to  
t r e a t  in fe c t io n s  with these organisms.
In t h i s  s tudy  a n t i b i o t i c  s e n s i t i v i t y  t e s t i n g  was r o u t i n e l y  done 
a f t e r  i n i t i a l  iso la t io n .  Loss of a n t ib io t i c  re s is ta n c e  fa c to rs  due to  
long term storage on a n t ib io t ic  f re e  media was th e re fo re  un l ike ly  to 
have o ccu rred .  The r e s u l t s  t h e r e f o r e  p robab ly  r e f l e c t s  the  n a tu r a l  
s i tu a t io n  in Bangladesh. Whilst nine a n t ib io t ic s  were used to  screen 
i s o l a t e s  in  t h i s  s tudy  such a com prehensive s e t  of a n t i b i o t i c s  i s  
e x t r a v a g a n t  in  the  r o u t in e  l a b o r a to r y .  The ju d ic io u s  use of  4- 
a n t ib io t ic s  would have yielded as much inform ation. I t  i s  th e re fo re  
recommended t h a t  s e n s i t i v i t y  to  t e t r a c y c l i n e  (30ug); a m p i c i l l i n  
(lOug); streptomycin (lOug) and c e p h a lo th in  (30ug) need r o u t i n e l y  be 
determined fo r  b a c te r ia  associa ted  with d iarrhoeal d isease. I s o la te s  
r e s i s t a n t  to  one or  more o f  th e se  a n t i b i o t i c s ,  i f  n e c e ssa ry  can 
s u b s e q u e n t l y  be t e s t e d  a g a i n s t  a m ore c o m p r e h e n s iv e  s e t  o f
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a n t i b i o t i c s .
The degree of s e n s i t iv i ty  to  the v ib r io s t a t i c  agent 0129 was found 
to  be of i n t r a  and i n t e r g e n e r i c  s i g n i f i c a n c e  w i th in  th e  fa m ily  
Vibrionaceae. Species w ith in  the genus Vibrio were ch arac te r ised  by 
t±iedr s e n s i t iv i ty  to  150ug c^0129 w h i ls t  aeromonads were r e s i s t a n t  to  
0129 a t  th a t  concentration. Some Vibrio species  were s e n s i t iv e  to  low 
concentrations of 0129 (]k cholerae and V metschnikovi i) w h i ls t  o ther 
s p e c ie s  were only s e n s i t i v e  to  h ig h e r  c o n c e n t r a t io n s  o f  0129 (Ik  
p a ra h a e m o lv t ic u s  and V. f l u v i a l i s ). The d i s c  s e n s i t i v i t y  method 
(Furniss e t  1973) for te s t in g  s u s c e p t ib i l i ty  to  0129 was found to  
be a c o n v en ien t  and r e p ro d u c ib le  t e c h n iq u e .  As no ted  in  the  
I n t r o d u c t io n  s e n s i t i v i t y  to  0129 was n o t  e x c lu s iv e ly  r e s t r i c t e d  to  
v ib r io s .  Therefore taxonomic inferences cannot be made (mi the bas is  
of t h i s  t e s t  a lo n e ;  o th e r  b a c t e r i o l o g i c a l  c h a r a c t e r s  have to  be 
considered.
I t  was observed in  t h i s  study th a t  the zone of in h ib i t io n  produced 
by 0129 v a r ie d  a c c o rd in g  to  th e  g row th  medium. This  e f f e c t  was 
re la te d  to  the concentration of sodium ch loride  incorporated in to  the  
te s t in g  media. The higher the concentration of s a l t  in  the media the 
l e s s  in h ib i to ry  0129 was to  the v ib r io s .  This finding  corroborates  an 
e a r l i e r  observation made by Merkel (1972) and s t r e s s e s  the importance 
of t e s t  s t a n d a r d i s a t io n .  I t  i s  recommended t h a t  a c o n c e n t r a t io n  of 
1.5%(w/v) sod ium  c h l o r i d e  be t h e  s t a n d a r d  s t r e n g t h  o f  s a l t  
incorporated in to  t e s t  media. The mechanism by which s a l t  in te r f e r e s  
w ith  0129 s e n s i t i v i t y  was n o t  i n v e s t i g a t e d  b u t  may be r e l a t e d  to  
a l te red  c e l lu la r  perm eability  or enzyme a c t iv i ty .
1.6 Detection of plasmids in v ib r io s
The s in g le  colony ly sa te  technique has not before been applied in  a 
rou tin e  manner to  screen v ib r io s  fo r  plasmids. As f a r  as the author 
i s  aware t h i s  tech n iq u e  i s  u s u a l ly  r e s t r i c t e d  t o  g e n e t i c  s t u d i e s .  
I t ' s  app l ica t ion  in th i s  study i s  there fo re  novel and not only serves 
as  an o p p o r tu n i ty  to  e v a lu a te  t h e  te c h n iq u e  bu t  a l s o  p ro v id e s  a 
f e a s ib le  approach to  screen a la rge  number of v ib r io s  fo r  the presence
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of pu ta tive  plasmid bands. Out of 98 Vibrio s t r a in s  examined by the 
s ing le  colony ly sa te  technique 22 s t r a in s  contained pu ta tive  plasmid 
bands. I^^dever when these s t r a in s  were examined by the more laborious 
p u r if ic a t io n  technique of Meyer e t  al.,(1976) plasmid bands could only 
be v isu a l is e d  in  12 s t r a in s .  In the 10 s t r a in s  which gave ambiguous 
r e s u l t s  i t  i s  n o t c l e a r  w hether th e  supposed p lasm id  bands in  the  
electrophoretogram were a r t i f a c t s  or whether the plasmid DMA was l o s t  
d u r in g  th e  p u r i f i c a t i o n  p rocedure .  Due t o  i n s u f f i c i e n t  t im e no 
a t t e m p t  was made to  i n v e s t i g a t e  t h e  c a u s e  o f  t h e  a p p a r e n t  
d iscrepancies  between the two techniques. Despite these d iscrepancies  
the s ing le  colony ly sa te  procedure was simple to  follow and provided a 
u s e fu l  means by which a l a r g e  number of s t r a i n s  cou ld  q u ic k ly  be 
se lec ted  fo r  fu r th e r  study. However before the s in g le  colony ly sa te  
procedure can be recommended fo r  rou tine  use a comparative prospective 
s tudy  on th e  two te c h n iq u e s  u s ing  f r e s h  c l i n i c a l  s t r a i n s  should  be 
conducted.
The f in d in g s  on th e  p lasm id  a n a ly s e s  o f  th e  66 non 01 V. c h o le ra e  
s t r a i n s  were s i g n i f i c a n t  in  a number of r e s p e c t s .  F i r s t l y ,  th e  
in c id e n c e  of p lasm id  c a r r i a g e  in  th e s e  s t r a i n s  i s  low only  14% of 
s t r a in s  harboured plasmids. Secondly, w ith in  9 plasmid bearing 
non 01 ] k  c h o le ra e  s t r a i n s  p la sm id s  o f  low m o le c u la r  w e ig h t  
predom ina ted . T h ird ly ,  p lasm id  c a r r i a g e  was n o t  c o r r e l a t e d  w i th  
m u ltip le  a n t ib io t ic  re s is ta n c e  or c h o le ra - l ik e  toxin  production. The 
f u n c t io n  of p la sm id s  in  th e s e  s t r a i n s  rem ained  c r y p t i c  d e s p i t e  
a t t e m p ts  to  t r a n s f e r  a n t i b i o t i c  re s is ta n c e  from mul t ip le  a n t ib io t ic  
r e s i s ta n t  plasmids carrying s t r a in s  to  f t  c o l i  re c ip ie n ts .
I t  was s u r p r i s i n g  t o  no te  t h a t  m u l t i p l e  a n t i b i o t i c  r e s i s t a n c e  
o ccu rred  in  V. c h o le r a e  non 01 s t r a i n s  which lack ed  p la sm id s .  The 
minimal in h ib i to ry  concentration to  the a n t ib io t ic s  of the r e s i s t a n t  
s t r a i n s  was not determined. Nevertheless the growth p a tte rn  of these  
m u l t i p l e  a n t i b i o t i c  r e s i s t a n t  i s o l a t e s  on a n t i b i o t i c  supplem ented  
n u t r ie n t  agar ind icated  th a t  the leve l  of re s is ta n c e  to  a m p ic i l l in  and 
s tre p to m y c in  was low. Most s t r e p to m y c in  and a m p i c i l l i n  r e s i s t a n t  
s t r a in s  f a i le d  to grow on n u tr ie n t  agar supplemented w ith more th a t  
15ug rnl^-j of  th e  a p p r o p r i a t e  a n t i b i o t i c .  O'Grady .et al. (1976)
308
d i s c e rn e d  a h igh  and low degree  of sulphonamide r e s i s t a n c e  in  
cholerae 01. A s im ila r  s i tu a t io n  appears to  e x i s t  amongst the non 01 
V. cholerae s t r a in s .  For th i s  reason i t  may be more appropria te  th a t  
d iscs  of higher a n t ib io t ic  concentrations (30ug instead  of lOug d iscs) 
be used when d e te rm in in g  th e  a n t i b i o t i c  s e n s i t i v i t y  of  V. c h o le ra e  
s t r a in s .  However i t  should be pointed out th a t  w h ils t  the a n t ib io t i c  
s e n s i t i v i t y  t e s t i n g  was done a t  th e  t im e  of i s o l a t i o n  th e  p lasm id  
a n a ly s is  and growth cm a n t ib io t i c  supplemented n u t r ie n t  agar s tud ies  
were conducted more than 18 months a f t e r  i n i t i a l  iso la t io n .  Since a l l  
i s o l a t e s  were s to r e d  on a n t i b i o t i c  f r e e  media i t  i s  q u i t e  p o s s ib le  
th a t  a diminution in  the degree of a n t ib io t ic  re s is ta n c e  occurred with 
s to r a g e .  Moreover some s t r a i n s  may v ery  w e l l  have l o s t  any 
a n t i b i o t i c ( s )  encoding p la sm id (s )  th ey  ha rboured ; a h y p o th e s is  
c o n s is ten t  w ith  observed in s t a b i l i t y  of a n t ib io t ic  r e s is ta n c e  in  
V. c h o le r a e .
Unlike th e  u n c e r ta in c y  a s s o c ia te d  w i th  th e  a n t i b i o t i c  d a ta  th e  
production of CT-like tox in  was more s tab le .  At the time of plasmid 
an a ly s is  a l l  23 CT-like producing s t r a in s  were toxigenic. The r e s u l t s  
were t h e r e f o r e  s i g n i f i c a n t  in  th e  n e g a t iv e  r e s p e c t :  no c o r r e l a t i o n  
between C T -like  to x in  p ro d u c t io n  (and th u s  p a th o g e n ic i ty )  and th e  
presence of demonstrable extrachromosomal DMA existed . Indeed only 2 
of 23 CT-like producing NCVs examined possessed plasmids. I t  i s  q u ite  
p o s s ib le  t h a t  th e s e  21 NCVs s t r a i n s  c o n ta in e d  p la sm id s  in  a s t a t e  
which could not v isu a l ized  by the s in g le  colony ly sa te  procedure. 
However th is  seems un like ly  since plasmids were not demonstrated when 
4 p u ta t iv e  plasmid negative CT-like producing s t r a in s  were examined by 
th e  s t a n d a r d  m ethod  o f  Meyer .e t  a_l.( 1976).  A m ore f e a s i b l e  
e x p la n a t io n  i s  t h a t  th e s e  21 to x ig e n ic  s t r a i n s  d id  no t  p o sse s s  
plasmids. The ro le  of the plasmids in the two toxigenic  s t r a in s  was 
not  in vestiga ted  because of the inherent problems associa ted  w ith  the 
se le c t io n  of re c ip ie n t  toxigenic  s t r a in s  fo llow ing conjugation. This 
problem was conpounded by the in a b i l i ty  to  demonstrate t ra n s fe ra b le  
a n t ib io t ic  re s is tan ce . Thus a reproducible conjugation system in non 
01 Vi. cholerae could not be demonstrated in  t h i s  study although other 
in v e s t ig a to rs  have been more successfu l (see page 83) w ith s t r a in s  of 
V. c h o le r a e  01.
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"Die ü ;o  plasmid containing toxigenic s t r a in s  requ ire  fu r th e r  study. 
S t r a i n  85 was i s o l a t e d  from the  C zechoslovak ian  food p o iso n in g  
o u tb re ak  in  1965, c o n ta in e d  a sm a ll  m o lecu la r  w e ig h t  p lasm id ,  was 
nR Ü tip^  a n t i b i o t i c  r e s i s t a n t ,  produced a C T -like  to x in  and was 
obtained from the VRL as s t r a in  616. S tra in  273 was iso la te d  from the 
Sudanese w a te rb o rn e  o u t b r e a k  o f  1968, was s e n s i t i v e  t o  m o s t  
a n t i b i o t i c s ,  produced a C T -like  to x in  and was o b ta in e d  from Dr. 
Zinnaka, Japan as  s t r a i n  S4. Both s t r a i n s  can be o b ta in e d  from th e  
author on request. S tra in  273 appears to  be a most promising research  
s t r a i n ;  i t s  l a r g e  s iz e d  p lasm id  may w e l l  encode f o r  e n te r o to x in  
synthesis . Attempts to  cure t h i s  s t r a in  of i t s  plasmid were not made 
although th i s  avenue may well be rewarding.
W h ils t  t h e  c h o le ra  t o x in  gene among c h o le ra e  01 s t r a i n s  i s  
chrom osom ally  lo c a te d  (V a s i l  e t  ^ . , 1 9 7 5 )  i t s  l o c a t i o n  among non 01 
toxigenic cholerae i s  ye t  to  be conclusively  es tab lished . Robin- 
Brown et ^ . , (1 9 7 7 )  postu la ted  a plasmid lo ca t io n  fo r  the toxin gene 
on poor e x p e r im e n ta l  ev idence . More d e f i n i t i v e  s tu d i e s  a r e  s t i l l  
required. This could e a s i ly  be achieved using the recen tly  described 
iso la te d  DNA fragment encoding the  E. c o l i  heat l a b i l e  en tero tox in  of 
&L c o l i  (Moseley and Falkow, I98O).
The r o l e  of  th e  p la sm id s  in  t h e  f l u v i a l i s  s t r a i n s  was no t 
es tab lished . All 3 s t r a in s  were m u ltip le  a n t ib io t i c  r e s i s t a n t  however 
attem pts  to  t ra n s fe r  these a n t ib io t ic  re s is ta n c e s  were unsuccessful. 
Recen t ly  u s in g  IL f l u v i a l i s  s t r a i n s  i s o l a t e d  from e n v iro n m e n ta l  
sources in Bangladesh McMicoll ^  ^ . , (1980b)  successfu lly  t ra n s fe r re d  
drug re s is ta n ces .  I t  i s  l ik e ly  th a t  the plasmids in  these 3 c l i n i c a l  
V. f l u v i a l i s  a lso  encode a n t ib io t ic  re s is ta n c e  although th i s  has yet  
to  be d e te rm in ed . I t  was s t r i k i n g  to  no te  t h a t  p u t a t i v e  p la sm id s  
could no t be d e t e c t e d  in  s t r a i n s  o f  V .oaraha e m o lv t ic u s  and A. 
hvdroD hila . This  may m erely  r e f l e c t  t h e i r  l o s s  d u r in g  s to r a g e  or 
simply t h a t  they didn’t  possess them. Both these species have in the 
past been reported  to  harbour plasmids. Guerry (1975) ch arac te r ised  a 
number of c r y p t i c  p la sm id s  in  ÎL o a ra h a e m o lv t ic u s  and no ted  no 
c o r r e l a t i o n  betw een th e  p resen ce  of p la sm id  DMA and th e  Kanagawa 
h a e m o ly s in .  M cN ico l l  ^  8%., ( 1 980a) d e t e c t e d  p la sm  i d s  in  At.
RIO
hvdrophila s t r a in s  i so la te d  from environmental sources in  Bangladesh 
b u t  f a i l e d  to  e s t a b l i s h  t h e i r  f u n c t io n .  From th e  r e s u l t s  of  t h i s  
s tu d y  i t  t h e r e f o r e  ap p ea rs  t h a t  p lasm id  a n a l y s i s  on v i b r i o s  i s  more 
rewarding i f  conducted a t  the time of i n i t i a l  iso la t io n .
1.7 Competition s tu d ies  on 4 V. cholerae s t r a in s
One of the conclusions drawn from th i s  and other published s tud ies  
i s  th a t  s t r a in s  w ith in  the species V&, cholerae possess a wide spectrum 
of b io log ica l  a c t i v i t y .  Most cholerae 01 s t r a in s  are  responsib le  
f o r  pandemics of  c h o le ra  w h i l s t  a few s t r a i n s  f a i l  to  e l a b o r a te  
c h o le ra  to x in  and a re  t h e r e f o r e  co n s id e re d  to  be a v i r u l e n t  (WHO 
S c ie n t i f ic  Working Group, 1980). Hie spectrum of b io lo g ica l  a c t iv i ty  
w ithin  non 01 IL cholerae s t r a in s  has been revealed in  th i s  study and 
prelim inary  findings have been published (Spira ^  1979 snd Spira
and D an ie l ,  1980). B a s i c a l l y  non 01 V. c h o le ra e  can be s e p a ra te d  on 
th e i r  b io lo g ica l  a c t iv i ty  p a t te rn  in to  one of four possib le  ca tego ries  
based on th e i r  a b i l i t y  to  produce:
(i)  a CT-like toxin
( i i )  a ST-1ike toxin
( i i i )  an e n t e r i t i s  response in ra b b i ts
(iv) no demonstrable en tero tox igen ic  or enteropathogenic le s io n s .
This spectrum of v iru lence  among cholerae 01 and non 01 s t r a in s  
i s  n o rm a lly  ig n o re d  when th e  ecology o f  th e  group i s  d i s c u s s e d .  
However s t r a i n s  o f  \h. c h o le ra e  01 and nonOI appear to  occupy two 
d i s t i n c t  e c o l o g i c a l  h a b i t a t s :  th e  human i n t e s t i n a l  t r a c t  and the  
aquatic  environment. In th i s  study a c lea r  d ifference  ex isted  in the 
p a t h o g e n i c i t y  of  nonOI V. c h o le ra e  s t r a i n s  i s o l a t e d  from th e s e  two 
so u rc e s :  human a s s o c i a t e d  i s o l a t e s  p o sse s se d  a g r e a t e r  p a th o g en ic  
p o t e n t i a l  than  t h e i r  e n v iro n m e n ta l  c o u n te r p a r t s .  The con v erse ,  
w hether en v iro n m e n ta l  i s o l a t e s  p o ssessed  a g r e a t e r  p o t e n t i a l  to  
s u rv iv e  in  th e  a q u a t i c  env ironm ent  than  t h e i r  human a s s o c i a t e d  
c o u n te r p a r t  i s  an i s s u e  of t remendous  p u b l ic  h e a l t h  s ig n i f i c a n c e .  
Indeed the mere existence of a IB. cholerae s t r a in  highly v i ru le n t  fo r  
man w ith  th e  p ro p e n s i ty  to  s u rv iv e  and m u l t ip ly  in  th e  a q u a t i c
i l l
environment would be a devasta ting  bane. I t  was th e re fo re  e s se n t ia l  
to  com pare  t h e  s u r v i v a l  c h a r a c t e r i s t i c s  o f  p a t h o g e n i c  and 
nonpathogenic jA. cholerae under conditions which attempted to s im ulate 
the aquatic  environments.
Many methods have been applied to  study the surv iva l and behaviour 
of  b a c t e r i a  under l a b o r a to r y  c o n d i t io n s  which s im u la te  th e  a q u a t ic  
env ironm ent. H i s to r i c a l  methods f o r  s tu d y in g  b a c t e r i a l  s u r v iv a l  
c o n s is te d  o f  i n o c u la t in g  f l a s k s  of  a u to c la v e d  or u n t r e a te d  r i v e r  or 
sea water w ith the t e s t  b a c te r ia  and monitoring th e i r  f a te  over time. 
Many f a c t o r s  were found to  in f lu e n c e  th e  s u r v iv a l  of b a c t e r i a  in  
aqueous suspensions includ ing : th e  c h a r a c t e r  and o rg a n ic  c o n te n t  of 
the water; temperature; d if fu se  l ig h t ;  s t e r i l i t y ;  inoculum s iz e  and 
cu ltu re  age; contamination w ith  c u ltu re  media; pH and oxygen tension 
(B a l la n ty n e ,  1930 and Greenberg 1956). D e sp i te  th e  wide v a r i a t i o n  
i n h e r e n t  in  t h e s e  ' f l a s k  m e th o d s '  c o n s i d e r a b l e  e v id e n c e  w^^ 
accum ula ted  to  i n d i c a t e  t h a t  "most human e n t e r i c  pa thogens  do no t 
survive fo r  extended periods ou tside  the body of th e i r  hosts" (Orlob,
1956). A r e c e n t  rev iew  on th e  s u rv iv a l  of V. c h o le ra e  o u ts id e  i t s  
h o s t  showed t h a t  v i a b i l i t y  ranged from hours  to  days and in  some 
instances  even weeks (Feachem e t  1981). Ttie s ig n i f ic a n t  f ind ing  in  
a l l  con tro lled  experiments was t h a t  ]A cholerae su rv iva l  was l e s s  than 
th e  s u r v iv a l  of  o th e r  nonpathogenic  i n t e s t i n a l  b a c t e r i a .  For t h i s  
reaso n  non p a th o g en ic  i n t e s t i n a l  b a c t e r i a  a re  used as  i n d i c a t o r s  
s ign ify ing  the possib le  presence of e n te r ic  pathogens as a r e s u l t  of 
faecal po llu tio n  of the water source.
Nevertheless because of the d i f f i c u l ty  of ex trapo la ting  the r e s u l t s  
of ' f la sk '  experiments to  the na tu ra l  environment a l te rn a t iv e  te s t in g  
methods have been proposed. These have ranged from the  d i r e c t  
in o c u la t io n  of n a tu r a l  a q u a t i c  so u rces  (Park ,  1978) to  p la c in g  i n t o  
the water source b ac te r ia  contained within a semipermeable membrane 
(M cFeters and S t u a r t ,  1972). When V c h o le r a e  01, c o n ta in e d  in  a 
chamber bounded by two semipermeable membranes, was placed in to  wel l 
water the organism fa i le d  to  m ultip ly  but neverthe less  survived in low 
numbers (McFeters e t  b1,, 1974). The degree to  which these 'chamber' 
experiments s imulate na tu ra l  c o n d i t io n s  i s  c o n te n t io u s .  A part from
e lim ina ting  protozoa and higher animals from the chamber lumen these 
chambers c o n ta in  a l a r g e  s u r f a c e  to  volume r a t i o .  I t  i s  w e l l  
e s tab lish ed  th a t  in  closed systems e.g. b o t t l e s  the surface to  volume 
r a t i o  i s  c r u c i a l ;  a g r e a t e r  number of b a c t e r i a  a p p ea r in g  in  sm a ll  
volumes of water than in  la rg e  volumes of id e n t ic a l  water (Zobell and 
Anderson, 1936). Thus r e s u l t s  o b ta in e d  w ith  submersed chambers of 
sm a l l  volumes may a l s o  b ear  l i t t l e  r e le v a n c e  to  th e  t r u e  a q u a t ic  
system.
The grow th  of b a c t e r i a  in  n a t u r a l  a q u a t ic  sy s tem s i s  l i m i t e d  
p r im a r i l y  by th e  low c o n c e n t r a t io n s  of s u i t a b l e  carbon and energy 
sources (Jannasch, 1969). Ib i s  w ell appreciated th a t  no two species 
can occupy e x a c t ly  th e  same e c o lo g ic a l  n ich e  (Odum, 1971). F a c to r s  
which govern th e  s u c c e s s fu l  c o lo n i s a t io n  of a h a b i t a t  in c lu d e  the  
organisms's com petitive saprophytic a b i l i t y  and inoculum  p o t e n t i a l .  
Competition between two organisms can be examined in  the  chemostat. 
When two organisms are competing in  a chemostat fo r  the same growth 
l im i t in g  su b s tra te  the organism showing the  h ighest growth r a te  a t  the 
p a r t ic u la r  su b s tra te  c o n c e n t ra t io n  w i l l  p redom inan t and e v e n tu a l ly  
d isp lace  the other completely (Tempest, 1970). Thus the chemostat has 
the g re a te s t  p o te n t ia l  to  s im ulate  the na tu ra l  aquatic  environment and 
i t s  use has been advocated by many vjorkers (Hendricks 1972; Veldkamp, 
1976; Brown e t  ^ . ,1 9 7 8  and Shilo  and Yetinson, 1979).
The surv ival of 4 s t r a in s  considered to  rep resen t the two extremes 
o f  v i r u l e n c e  in  c h o le ra e  was i n i t i a l l y  s tu d ie d  by th e  f l a s k  
te c h n iq u e .  The s t r a i n s  examined inc luded: .  V. c h o le r a e  01 b io ty p e  
cholerae (computer s t r a in  184); cholerae 01 a ty p ica l  in  t h a t  i t  was 
non to x ig e n ic  and c o n s id e re d  au toch thonous  to  b ra c k ish  w a te r  (VRL 
5962; Bashford  eA al. . j1979); V. c h o l e r a e  SEROVAR 37 which produces  a 
c h o le ra - l ik e  toxin and was iso la te d  from d iarrhoeal p a t ie n ts  (computer 
s t r a i n  3) and V. c h o le ra e  SEROVAR 06, a n o n to x ig e n ic  s t r a i n  i s o l a t e d  
from b ra c k is h  w a te r s  in  Kent by West (1980). Over a 28 day sam pling  
period a c lea r  d iffe rence  in the surv ival  of these s t r a in s  was noted; 
the nontoxigenic environmental Vj. cholerae s t r a in s  exhib ited  a g rea te r  
capacity to  survive in a simple s a l t  so lu tion  than the tox igen ic  (and 
p a th o g en ic )  v a r i e t i e s .  The c o m p e t i t iv e  a b i l i t y  of th e s e  s t r a i n s  as
de te rm in ed  in  th e  chem os ta t  a l s o  d i f f e r r e d .  The t o x i g e n i c  s t r a i n s  
a ssoc ia ted  w ith d ia rrhoea l d isease  were le s s  com petitive under glucose 
l i m i t a t i o n  th an  th e  two n o n to x ig e n ic  e n v iro n m e n ta l ly  d e r iv e d  V. 
c h o le ra e  s t r a i n s .  Thus th e  c o m p e t i t iv e n e s s  o f  th e s e  s t r a i n s  in  
d e c re a s in g  o rd e r  was: V. c h o le ra e  06 n o n to x ig e n ic ;  V. c h o le ra e  01 
nontoxigenic; cholerae 037 toxigenic  and IL cholerae 01 toxigenic . 
Since two competing organisms cannot occupy the same ecological niche 
i t  would appear  t h a t  in  c i rc u m s ta n c e s  s i m i l a r  to  the  ch em o s ta t  
experiment the nontoxigenic s t r a in s  would e lim ina te  the pathogenic 
c h o le ra e  s t r a i n s .  I t  would t h e r e f o r e  appear  t h a t  a d a p ta t io n  to  a 
p a r a s i t i c  mode of l i f e  has r e s u l t e d  in  a f u n c t io n a l  r e g r e s s io n ,  an 
o b s e rv a t io n  a l r e a d y  noted  among t h e  pseudom onads  ( S t a n i e r  e_t 
a l . , 1966) .
These l a b o r a to r y  f in d in g s  su p p o r t  th e  view g e n e ra te d  from many 
e p id e m io lo g ic a l  o b s e rv a t io n s  t h a t  th e  r e s e r v o i r  of  p a th o g e n ic  V. 
c h o le ra e  i s  th e  human i n t e s t i n e  and t h a t  s u r v iv a l  o u t s id e  th e  
i n t e s t i n e  i s  o f  s h o r t  d u r a t io n .  Good e x p e r im e n ta l  d a ta  to  s u p p o r t  
t h i s  te n e t  of cholera epidemiology i s  sc a rse. However in  an e legan t 
s tudy  in  Bangladesh S p ira  and h i s  c o l le a g u e s  (1980) r e c e n t l y  showed 
t h a t  w a te r  rem ained p o s i t i v e  f o r  p a thogen ic  V. c h o le r a e  01 only as 
long as  v i b r i o  e x c r e t e r s  c o n tin u ed  to  co n ta m in a te  th e  w a te r  sou rce .  
V iru len t cholera v ib r io s  f a i le d  to  e s ta b l is h  themselves in the aquatic  
env ironm ent. In c o n t r a s t  i t  has been su g g es ted  by some r e s e a r c h e r s  
t h a t  V  ^ c h o le ra e  i s  an au toch thonous  b a c t e r i a l  s p e c i e s  in  b r a c k is h  
w a te r  (C o lw ell  ^  1977; Kaper ejt al_. 1979; Bashford ej: a^.j  1979
and West 1980). Unfortunately these workers make no c lea r  d i s t in c t io n  
b e tw e e n  v i r u l e n t  and a v i r u l e n t  s t r a i n s .  I n d e e d  from  t h e s e  
pub lica tions  i t  i s  possib le  to  in fe r  th a t  v i ru le n t  cholerae s t r a in s  
p rim arily  derive th e i r  l i f e s t y l e  from the aquatic  environment and th a t  
water i s  the endemic focus of cholera v ib r io s .  However a century of 
cholera su rv e il lan ce  has shown th a t  th i s  i s  not the case.
The h y p o th e s i s  t h a t  Ik. c h o le ra e  i s  au toch thonous  to  th e  a q u a t i c  
ecosystem i s  becoming a f a s h i o n a b l e  e x p la n a t io n  to  acco u n t  f o r  the  
o ccu rren ce  of c h o le r a  in  i n d iv id u a l s  r e s id in g  in  c h o le r a  f r e e  a r e a s  
with no Imown contact w ith in fec ted  persons or countries .  Hie case of
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cholera which occurred in  Louisiana USA in August 1978 was explained 
in  t h i s  way (Blake e t  a l . , 1980). S o le ly  on th e  b a s i s  o f  phage type 
these in v e s t ig a to rs  considered th a t  cholerae 01 had p e rs is te d  along 
th e  G ulf  c o a s t  from 1973, when a s in g le  c h o le ra  v i c t i m  was d e te c te d  
(Weissman a l.  1974), to  1978 when subsequent cases were detected. 
The p resen ce  of c h o le ra  in  te m p e ra te  w a te r s  has been p o s tu la t e d  to  
a r i s e  from th e  e f f l u e n t  d is c h a rg e  from a i r c r a f t s  on th e  In d ia  to  
London f l i g h t  path (Rondle e t  a l . ,  1978). Unti l  ca re fu l  su rve il lance  
and eco log ical s tu d ies  incorporating  pathogenicity  determ inations are  
conducted these hypothesis have to  be reviewed w ith caution.
1.8 Concluding comments.
The r e s u l t s  o f  t h i s  t h e s i s  show t h a t  among non 01 c h o le ra e  
s t r a in s  a wide spectrum of b io lo g ica l  a c t iv i ty  e x i s t s  in co n tra s t  to  
th e  r e l a t i v e  hom ogeneity  in d ic a te d  by conven tional b ac te r io lo g ic a l  
t e s t s .  This a c t i v i t y  was s e p a ra te d  i n t o  4 c a t e g o r i e s  which b e s t  
demonstrated th e i r  mechanism of action. Within the non 01 V. cholerae 
group a d i f f e r e n c e  in  the  b i o l o g i c a l  a c t i v i t y  was no ted  f o r  human 
a s s o c ia t e d  and e n v iro n m e n ta l ly  derived  i s o la te s :  the  former s t r a in s  
ex h ib it ing  a g rea te r  pathogenic p o te n t ia l  than the l a t t e r  group. Even 
among th e  human a s s o c i a t e d  i s o l a t e s  a d i f f e r e n c e  in  p a th o g en ic  
p o t e n t i a l  was no ted : s t r a i n s  which e la b o r a te d  a C T -like  to x in  were 
a s s o c ia t e d  w ith  a c l i n i c a l l y  more se v e re  i l l n e s s  th an  e n t e r i t i s  
producing s t ra in s .  The a b i l i t y  of some non 01 jk cholerae s t r a in s  to  
s y n th e s iz e  a C T -like  to x in  was in d ependen t of  s e ro ty p e  and H eiberg  
fe rm e n ta t io n  p a t t e r n  and was no t s i g n i f i c a n t l y  c o r r e l a t e d  w i th  any 
o th e r  b a c t e r i o l o g i c a l  c h a r a c te r  t e s t e d .  Enterotoxin production has 
t h e r e f o r e  to  be t e s t e d  d i r e c t l y :  th e r e  i s  no b a c t e r i o l o g i c a l  proxy 
For the f i r s t  time a true  enteropathogenic p o te n t ia l  was noted among 
s t r a i n s  of non 01 V. c h o le ra e  a l th o u g h  i t s  mechanism of  p ro d u c t io n  
rem ain s  t o  be e lu c id a te d .  I t  i s  t h e r e f o r e  im p e ra t iv e  t h a t  th e  
enteropathogenic and en tero tox igen ic  p o te n t ia ls  of non 01 Ik. cholerae 
be considered during ecological and epidem iological s tud ies . S tra in s  
o f  V. o a ra h a e m o lv t ic u s . V. f l u v i a l i s  and A. h v d ro o h ila  were found to  
l a c k  e n t e r o to x ic  a c t i v i t y  but possessed s ig n i f ic a n t  enteropathogenic 
p o t e n t i a l .  The need f o r  f u r t h e r  s t u d i e s  on th e  mechanism o f
enteropathogenic reac t io n  i s  higlilighted.
The taxonomy of v i b r i o s  a s s o c ia t e d  w i th  d ia r r h o e a l  d i s e a s e  was 
studied. Diarrhoeagenic v ib r io s  represented V. cholerae 01 and nonOI, 
V. o a ra h a e m o lv t ic u s : V. f l u v i a l i s  and h v d ro o h i la . A p r a c t i c a l  
d iagnostic  ta b le  fo r  the recogn ition  of these pathogens was generated. 
The phenetic and genetic  s i m i l a r i t i e s  between cholerae 01 and NO/s 
was conf i rmed  a l th o u g h  s u b t l e  d i f f e r e n c e s  were h ig h l ig h te d .  Two 
biotypes of NCVs corresponding to  Heiberg groups I  and I I  and Heiberg 
group V were d is c e rn e d .  The s tu d y  re v e a le d  t h a t  th e  c o n v e n t io n a l  
t e s t s  in c lu d e d  in  taxonom ic a n a ly s e s  o f te n  igno red  th e  d i f f e r e n t  
a c t i v i t i e s  o f  p a th o g en ic  and a q u a t ic  o rgan ism s and f u tu r e  r e s e a r c h  
should t ry  to  co rrec t  these d e f ic ien c ie s .  Support was given to  the 
r e c o g n i t i o n  o f  V. f l u v i a l i s  sp  nov. (Lee e t  \ a l . ,1 9 8 1 ) .  Two 
u n id e n t i f ia b le  Vibrio phenons were revealed in  the taxonomic an a ly s is  
and although w ell cha rac te r ised  phonetically  and by base composition 
th e  te m p ta t io n  to  a s c r ib e  s p e c ie s  s t a t u s  to  th e s e  phenons was 
r e s i s t e d .  The v a l i d i t y  of the  phenons formed by th e  m u l t i v a r i a t e  
s t a t i s t i c a l  procedures was confirmed by base composition s tud ies .
The frequency  of  m u l t i p l e  a n t i b i o t i c  r e s i s t a n c e  in  non 01 V. 
cholerae was low, most s t r a in s  being s e n s i t iv e  to  a t  l e a s t  7 of the 9 
t e s t  a n t i b i o t i c s .  H igher f r e q u e n c ie s  o f  Jk o a ra h a e rn o lv t ic u s : V. 
f l u v i a l i s  and Ju_ h v d ro o h i la . At tem pts  t o  t r a n s f e r  a n t i b i o t i c  
r e s i s t a n c e  from th e  r e s i s t a n t  s t r a i n s  to  an Eh c o l i  r e c i p i e n t  were 
negative. Tlie in t r a  and in te rg e n e r ic  value of the v ib r io s t a t i c  agent 
0129 was confirm ed . In  a d d i t i o n  i t  was observed  t h a t  th e  zone of 
in h ib i t io n  produced by 0129 varied  according to  the growth medium. A 
number of v ib r io s  were found to  possess plasmids of various  molecular 
weights. Attempts to  e lu c id a te  the function of these plasmids were 
u n s u c c e s s fu l .  N e v e r th e le s s  no c o r r e l a t i o n  between CT-l ike  to x in  
production (and thus pathogenicity) and the presence of demonstrable 
extrachromosomal DNA was demonstrated.
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TABLE .40 Source o f  S t r a i n s
OMPUTER CULTURE . PREVIOUS REF ISOLATION
NUMBER ASCENSION No. No. SOURCE
1 • 1 7705 Bangladesh E n t e r i t i s  P a t i e n t
2 3 61886 II II II
3 4 61892 II ■ II II
4 5 10134 II II II
5 7 61943 II ii II
6 8 .61962 II l i II
7 9 61956 It II II
8 10 .11649 Ii II II
9 . 11 11526 II II II
10 12 61997 II II II
11 13 61992 II II ■ •'
12 14 12907 II II II
13 15 12939 II ii II
14 16 62058 It II II
15 17 62066 II II II
16 18 62071 II ii ii
17 19 13238 II II II
18 20 13447 II " II
19 21 62145 II II II
20 23 14976 II II i i
21 25 62182 II II II
22 26 62183 II II II
23 27 62190 II II Ii
24 29 62200 II II II
25 ■ 30 62202 II II II
26 ■ 31 62233 II II II
27 32 62245 II . II II
28 34 62250 II II II
29 35 62262 II II II
30 36 62296 II II II
31 37 62307 i i II II
32 38 62308 II II II
33 39 62317 II II l i
31S
TABLE 4-0 Source of  S t r a i n s  (Con t 'd )
COMPUTER CULTURE PREVIOUS REF ISOLATION
NUMBER ASCENSION No. . No. SOURCE
34 42 62348 Bangladesh E n t e r i t i s  P a t i e n t
35 41 62339 II II II
36 43 62358 II II II
37 44 62367 II II II
38 45 62403 II II II
39 46 62404 II II II
40 48 62512 II II II
41 49 62574 II II II
42 51 62594 II II II
43 52 62778 II II II
44 53 62779 II II II
45 54 V02 America Sea Water
46 57 V19 II II II
47 59 V05 II II II
48 62 V29 II II II
49 65 VI5 II II II
50 67 VL 2936 England Sea Water
51 68 VL 3944 II Ditch  Water
52 69 VL 4348 II Blood Culture
53 70 VL 4458 II Burn Les ion
54 71 VL 4296 II Sandy Beach
55 72 VL 4297 II Sea Water
56 73 VL 4577 II E n t e r i t i s  P a t i e n t
57 74 VL 5217 II Pond Water
58 76 VL 1940 A l g e r i a  Faeces
59 77 VL 1946 II II
60 79 VL 2115 II River  Water
61 81 VL 2084 Ghana Clam
62 82 VL 3034 II P a t i e n t
63 83 VL 3038 II Water
64 85 VL 616 Czechos lovak ia  E n t e r i t i s  P a t i e n t
65 86 VL 993 II Water
66 88 VL 1013 II II
3M
TABLE 40 Source o f  S t r a i n s  (C o n t 'd )
COMPUTER
NUMBER
CULTURE ■ 
ASCENSION No.
PREVIOUS REF 
No.
ISOLATION
SOURCE
67 89 VL 3724 Egypt River  Water
68 90 . VL 3726 Il II » .
69 91 N 16975 Bangladesh E n t e r i t i s  P a t i e n t
70 92 K 9147 Il
71 94 N 18146 "
72 97 N 18156 II
73 101 1661 -70 H eal thy  P i lg r im s
74 103 2381 -90 . "
75 107 4 901-10 Il II
76 110 MQ 8717 E n t e r i t i s  P a t i e n t
77 m MQ 20368 II
78 113 MQ 16795 II II
79 117 MQ 20048 II
80 118 MQ 21281 »
81 131 I I I  4Wb-V37 II
82 133 2 W1 -  V2 II
83 135 I I I  3W3-V14 II
'84 137 II T8WT V49 "
85 139 II 7W1 V20 11
86 144 II 16W2 V44 : !'
87 . 151 Q 27557 " P a t i e n t
88 154 Q 13841 II
,89 158 Q 40223 II
90 160 Q 39531 II
91 161 P 28040 II
• 92 163 ■ Q 13781 II
93 166 Q 39766 II
94 . 168 ' A 32373 /74 South A f r i c a  H eal thy  Adult
95 175 . A 3057/76 Il II Blood Culture
96 176 C 23962/75 Il II E n t e r i t i s  P a t i e n t
97 178 63010 Bangladesh E n t e r i t i s  P a t i e n t
98 179 63079 V II
99 180 \ 63084 II 1
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TABLE 40 Source o f S t r a i n s  (Cont 'd)
COMPUTER
NUMBER
CULTURE 
a : c e \ s i o n  No .
PREVIOUS
No.
REF
100 181 63071 Bangladesh E n t e r i t i s  P a t i e n t
101 182 63062 II II II
102 183 63057 II II II
103 184 63092 M II II .
104 187 S 6277 Guam River  Water
105 188 S 2677 II II II
106 189 B 29277 II II II
107 194 61992 A2 Bangladesh E n t e r i t i s  P a t i e n t
108 197 61962 A9 II II II
109 204 62066 A9 II II II
110 : 212 .62145 Al l II II II
111 231 62233 A9 II II II
112 244 63114 II II II
113 245 63168 1, II II
114 247 63357 H II II
115 248 63399 II II II
116 249 E l II Cow Dung
117 251 E 3 II II II
118 255 E 7 II F is h  R ecta l  Swab
119 259 Ell II II II II
120 263 El 6 II Cow Dung
-121 ■ 264 El 9 II F is h  R ec ta l  Swab
122 265 E21 II II II II
123 266 E17 II II II II
124 270 G 12R Sudan E n t e r i t i s  P a t i e n t
125 276 S 9 II II II
126 ' 278 SI 6 II II 11
127 2 # 0 . 63519 Bangladesh E n t e r i t i s  P a t i e n t
128 281 63565 II II II
129 282 452T5 II It 11
130 283 ■ 636T6 '! II II
131 284 63604 II II II
132 285 63663 M II II
TABLE 40
3 1 1
Source o f  S t r a i n s  (C o n t 'd )
COMPUTER
NUMBER
CULTURE • 
ACCESSION No.
PREVIOUS REF
133 287 142-2 Bangladesh:: Water Hya c i  nth
134 289 161-1 II II II
135 290 233-1 II II II
136 291 107 II II II
137 292 287 II II II
138 294 243-1 II II II
139 2 9 5 . 242-2 II II II
140 298 TP5-1 II II " ' :
141 299 217 II II II
142 302 ; 5 3 II II II
143 ; 303 261 II II II
144 306 203-T II II II
145 310 63772 II E n t e r i t i s P a t i e n t
146 .314 S/26AI Maldives: Water
147 315 S / 2 6 / 2 II II
148 316 S/27 II II
149 318 7 / 1 6 / 1 II II
150 322 BP 4 Bangladesh: Sewage
151 325 RD 51 . 11 II
152 330 RD 86 II ! '
153 332 RD 97 II Il
1 5 4 ' 334 RD 107 II II
155 340 RD 120 II II
156 341 RD 123 1' II
157 342 RD 129 II II
158 349 RD 102 II II
159 ' 350 RD 55 " II
160. 358 . V 38 America: Sea Water
161 360 63881 Bangladesh: E n t e r i t i s P a t i e n t
162 . 361 ' 64193 II II II
1 63 362 D 667 II H ealthy  Ad ult
164 . 363 . 64532 II E n t e r i t i s P a t i e n t
165 • 368 . 64362 II It II
TABLE 40
3 2 2
Source  o f S t r a i n s  (Cont'd )
COMPUTER CULTURE • PREVIOUS REF
NUMBER ACCEKSION No. No. .
166 369 64378 Bangladesh:  E n t e r i t i s  P a t i e n t
167 3 7 0 . 64403 Il II II
168 373 64434 Il II II
169 374 64522 Il II II
170 375 64544 Il II (1
171: 377 B 23256 II II II
172 378 G 11579 Il II II
173 379 G 10219 Il II II
174 381 64610 Il II II
175 \ 382 64618 Il II II
176 . 386 - . 64751 Il II II
177 ' 512 3787 Guam; Clams
178 513 3788 ; II II '
179 514 3790 "
180 519 G 24241 Bangladesh:  Choiera P a t i e n t
181 520 N 16981 Il II II
182 524 E 27110 Il II II
183 527 B 2164 Il II II
184 535 5698 Il II II
185 536 1165-77 America V . c h o l e r a e
186 543 VL 426 NCMB 41 V. a l b e n s i s
187 - 544 VL 6053FD NCTC 8049 A. hydrophi la
188 549 VL 409FD NCTG 8443 V. m e t s c h n i k o v i i
189 • 550 VL 2484 NCTC 11170 V. m e t s c h n i k o v i i
190 554 •VL 1931 A. hydrophi  la
191 556 VL 4372 A. hydrophi  l a
192 . 558 VL 1258 . A. s o b r ia
193 560 VL 2926 NCTC 11329 V. f l u v i a l i s
194 563 VL 5909 NCTC 11330 V. f l u v i a l i s
195 RRD ' Paul West England: Water
2)2.3
TABLE 41  Source o f  A d d i t io n a l  S t r a i n s  Used in  the  B i o l o g i c a l  A c t i v i t y  
Screen  but n o t in  th e  Numerical Analyses
CULTURE ACCEf’SION 
NUMBER
PREVIOUS REF 
No.
ISOLATION
SOURCE
2
6
28
75
87
93
96
115
123
140
143
145
171
173
186
267
272
273 
279 
286 
293 
296 
317 
319 
371 ■ 
380 
385
7627
10307 
15570  
VL 1938 
VL 1012 
N 17485  
M 11163 
MQ 20062  
MQ 1502 
2 W6 VIO 
16 W 6 1 PV 
MW 3 V5 •
A 33419 /74
A 334227/74
5 4477
S 8
S 2 7
S 4
63525
63695
244
241-1
2 /1 5
S/21
64416
72902
64690
Bangladesh E n t e r i t i s  P a t i e n t
A l g e r i a  f a e c e s  
C z e c h o s lo v a k ia ;  water  
Bangladesh E n t e r i t i s  P a t i e n t
II II II
II II II
29
Water
II.
S , A f r i c a  Heal thy  A d u lt .
II II II
Guam Water
Sudan E n t e r i t i s  P a t i e n t
Bangladesh E n t e r i t i s  P a t i e n t
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TABLE 42 C haracteristics o f phenons as frequency o f p o s it iv e  reactions
C h aracters
A 81 82
P H E N O N S
120 186 C D E F G H
S ou rce -  hu.ian a o c o c ia te c l 77 0 0 0 0 9 17 22 2 1 2
C e ll  s i z e :  0 .5  -  I.Our, 0 0 0 0 0 0 0 8 0 0 0
C e ll  s i z e :  1 .0  -  2 .0 u n 93 3 2 1 1 15 16 20 3 1 2
C e ll  s i z e :  > 2 .0u n 23 0 0 0 0 3 3 0 0 1 0
C e ll  w id th : 0 .2  -  0.5ur. 103 3 2 1 1 17 15 5 3 2 0
C e l l  w id th : >0.5 iin 13 0 0 0 0 1 4 23 0 0 2
S t r in g  t e s t 110 3 2 1 1 12 16 6 3 2 0
A g g lu t in a t io n  0 group 1 serim 9 0 0 0 0 0 0 0 0 0 0
S e n s i t i v i t y  t o  lOug 0129 116 3 0 1 1 0 1 1 0 0 0
S e n s i t i v i t y  t o  150ug 0129 116 3 2 1 1 0 10 28 0 0 0
M o t i l i t y 116 3 2 1 1 18 16 25 3 2 2
I n d o le 110 2 2 1 1 18 4 6 0 0 2
Urea 1 3 1 0 0 6 4 6 0 0 2
G lu co se  (g a s ) 0 1 1 0 0 3 0 0 0 0 2
L y sin e  d e c a rb o x y la se 115 3 2 0 0 6 0 28 3 0 2
A r g in in e  d ih y d r o la se 0 3 0 0 0 18 19 0 2 0 0
O r n ith in e  d e c a rb o x y la se 115 1 1 0 0 0 1 28 0 1 2
l a :
A m p ic il l in 10 0 0 0 0 15 10 19 0 0 0
C h loran p h cn ico l 1 0 0 0 0 1 7 2 1 0 1
S trc p to n j'c in 29 0 0 0 0 3 9 11 0 0 2
Gentam ycin 1 0 0 0 0 0 0 1 0 0 0
T e t r a c y c l in e 6 0 . 0 0 0 0 5 1 1 0 1
C ep h a losp orin 5 0 0 0 0 10 13 11 2 1 1
Kanar.iycin 3 0 0 0 0 0 0 2 0 0 0
S e p tr in 6 0 0 0 0 1 1 0 2 0 0
P olyizyxin  B 195 0 0 1 1 4 10 23 0 0 0
C hick c e l l  a g g lu t in a t io n 25 2 1 1 1 2 2 0 0 1 0
S o lu b le  h aem olysin 105 1 2 0 0 8 1 8 0 0 0
E n t e r i t i s  in  r a b b it 100 1 1 0 0 12 8 24 0 1 2
Q io le r a - to x in  p ro d u ctio n 23 0 0 0 0 0 0 0 0 0 0
H eat s t a b le  e n te r o to x in 2 0 0 0 0 0 0 0 0 0 0
House l e t h a l  a s s a y  (w h o le  c u ltu r e ) 113 1 1 0 0 18 17 27 2 2 2
E x tr a c e l lu la r  mouse l e t h a l  to x in 12 0 0 0 0 1 1 0 , 1 0 0
Kanagawa r e a c t io n 17 0 0 1 0 3 10 11 1 0 0
3Z1
TABLE 42. C haracteristics o f phenons (continued)
C h a ra cters A 81 82
P H E N O N S  
120 186 C D E F G H
U t l i i s a t i c n  ci': 
a c e t a t e n 1 0 1 0 17 19 22 2 0 2
a la n in e 5 1 0 0 1 2 3 4 0 0 0
g ly c in e 0 0 0 0 0 2 2 7 3 0 0
l a c t a t e 91 1 2 1 1 18 18 27 3 1 2
ly s in e 18 0 0 0 0 1 14 14 0 2 1
tra lon ate 1 0 0 0 0 1 1 4 3 0 0
p r c l in e 95 3 0 1 0 12 18 24 3 0 1
a sp a r a g in e 111 3 2 1 1 17 19 28 3 2 1
a s p a r t ic  a c id 10 0 0 0 0 1 8 15 0 0 0
s e r in e 5 0 0 0 0 10 18 15 0 1 1
v a l in e 4 0 0 0 0 3 2 2 0 0 0
la e th io n in e 8 0 0 0 0 0 6 10 0 1 0
tryptophan 50 0 2 0 0 4 12 23 3 1 2
g lu c o n a te 22 0 0 1 0 16 18 27 3 2 2
g lu ta m ic  a c id 10 3 0 0 0 17 19 25 3 2 2
c i t r a t e 43 3 0 1 0 5 17 26 0 1 2
p h en y la la n in e 17 0 0 0 0 5 11 17 0 1 2
h i s t i d i n e 70 2 2 1 0 8 18 28 0 2 0
a r a b in o se 12 0 0 1 . 0 5 17 24 3 1 2
niannose 32 3 0 0 0 14 18 28 3 1 2
s u c r o s e 71 3 2 1 0 13 19 10 3 1 2
s u c c in a te 106 3 0 1 0 14 19 28 3 1 2
s o r b i t o l 78 3 2 1 0 12 17 28 0 1 2
s a l i c i n 3 0 0 0 0 7 14 11 3 1 0
th r e o n in e 84 3 1 1 0 11 18 27 3 0 2
i n o s i t o l 0 0 0 0 0 0 0 9 0 0 0
ty r o s in e 17 0 0 0 0 5 9 25 0 0 0
o x a lo a c e t ic  a c id 51 1 2 1 0 9 15 25 3 2 2
Swarming 15 0 0 0 0 3 5 20 0 0 0
H aem olysis  o f  g o a t ' s  b lood 105 3 1 0 1 14 19 9 3 2 2
O xid ase 116 I 2 1 1 18 19 28 3 2 0
Growth in :  OS HaCl 107 1 0 0 0 15 9 4 2 2 2
15 HaCl 116 3 2 1 1 18 19 27 3 2 2
55 HaCl 99 3 2 1 1 14 19 28 3 2 2
3 2 %
t a b l e  42. C haracteristics o f phenons (continued)
C h aracter
A B1
P
82
H E 
120
H O N S  
186 C 0 E F G H
Growth in : 65 HaCl 82 2 2 1 1 8 18 26 3 1 0
72 HaCl 37 2 1 1 1 4 16 20 3 1 0
95 HaCl 7 0 0 0 1 0 10 5 1 0 0
105 fJaCl 1 0 0 0 0 0 1 1 0 0 0
Growth a t : 10% 52 2 0 0 1 17 19 19 3 2 2
15% 113 3 2 1 1 18 19 28 3 2 2
116 3 2 1 1 18 19 26 3 2 2
45% 104 3 2 1 1 16 14 22 0 2 2
A cid in :
a r a b in o se 0 0 0 1 0 6 17 19 1 0 2
fr u c t o s e 114 3 2 1 1 18 19 20 1 0 2
nznn ose 79 3 2 0 1 17 19 28 3 0 2
g a la c t o s e 94 3 2 1 1 8 18 24 1 0 1
n u in n ito l 116 3 2 1 1 18 18 28 3 0 2
d u l c i t o l 0 0 0 0 1 0 0 0 0 0 2
s o r b i t o l 4 1 2 0 1 3 2 1 3 0 2
s u c r o s e 85 3 2 1 1 14 18 1 0 0 0
la c t o s e 6 2 0 1 4 2 0 0 0 2
m a lto se 107 3 2 1 15 15 21 0 0 2
s a l i c i n 3 1 0 0 4 0 0 0 0 0
c e l lo b io s e 7 0 0 1 1 9 2 6 1 0 0
g ly c e r o l 55 3 2 0 1 7 16 18 0 0 2
i n o s i t o l 1 1 2 0 1 1 2 0 0 0 0
in u l in 1 0 0 0 1 0 0 0 0 0 0
rhann ose 0 1 0 0 0 0 0 0 0 0 2
tr e h a lo s e 112 3 2 1 1 18 16 25 3 0 2
x y lo s e 0 0 0 1 0 2 2 1 0 0 1
m e l ib ic s e 0 0 0 0 0 0 1 0 1 0 1
n e l e z i t o s e 0 0 0 0 0 1 2 0 1 0 1
r a f f in c s e 6 0 0 0 0 2 1 1 3 0 2
N itr a te  r e d u c t io n 115 0 0 0 1 18 19 27 3 2 2
N i t r i t e  r e d u c t io n 3 0 0 0 0 1 0 8 0 0 0
M ethyl red 101 3 2 1 1 16 16 28 3 0 2
V ogcs-P rosk au er 46 2 2 0 1 9 2 0 0 0 0
A e sc u lin  h y d r o ly s is 45 0 1 1 0 10 19 17 1 0 0
G lu con ate  o x id a t io n 42 2 1 0 1 12 6 7 3 2 0
TABLE 4 2 . C h a r a c t e r is t ic s  o f  phenons (c o n t in u e d )
C h a ra cters
A B1
P H E N O N S  
82  120 186 c 0 E F G H
am ylase 99 3 0 1 1 17 19 27 3 1 0
DNAase 97 3 2 1 0 15 16 25 3 2 2
g e la t in a s e 113 3 2 0 1 17 19 28 3 2 0
l e c i t h i n s s e 108 3 2 0 0 11 r r 26 3 2 0
tw een CO h y d r o ly s is 100 3 2 1 1 16 19 21 3 2 2
p h osp h atase 34 0 0 0 1 2 8 26 1 2 0
P h en y la la n in e  h y d r o ly s is 1 0 0 0 0 0 1 1 0 1 0
Growth, on 105 b i l e 67 2 1 1 0 1 15 25 1 0 0
Growth in  KCN b ro th 0 0 0 0 0 1 6 4 1 0 0
Growth in  K oscrs c i t r a t e 113 1 2 1 1 17 18 27 3 2 2
Hydrogen s u lp h id e  ( le a d  a c e t a t e ) 38 0 0 0 0 2 2 3 3 2 0
T y ro s in e  u t i l i s a t i o n 71 3 0 0 1 17 17 26 3 2 0
Brown pigm ent on t y r o s in e  agar 16 1 0 0 0 3 14 13 3 2 0
Growth a n :
N eu tr a l red lOug/m l 115 3 2 1 1 18 19 28 3 2 2
B r i l l i a n t  g r ee n  1 2 .5 u g /m i 50 3 2 0 0 7 18 24 3 0 2
Sod iun  la u r y l  s u lp h a te  100ug/m l 112 3 2 1 1 16 19 28 3 2 2
S u r v iv a l  f lt :
50°C 10 m ins 106 3 2 1 0 16 19 27 3 2 2
50°C 30 m ins 68 1 2 M 13 23 3 0 2
Nimber o f  S t r a in s 116 3 2 1 1 18 19 28 3 2 2
A P P E N D  I X . 4 
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